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AN UNRECOGNIZED PATHWAY FOR BACTERIAL INVASION OF THE 
RESPIRATORY TRACT 


By M. C. Wryrernitz, G. H. Smirn and E, 5S. Rosinson 


(From the Brady Laboratory of Pathology and Bacteriology, Yale University School of Medicine, New Haven, Conn.) 


When a preliminary injury has destroyed the efficiency of | more, evidence of the adequate nature of this protective 
the protective mechanism in the upper respiratory tract, it | mechanism is provided by the results of a large number of 
is easy to the portal of entry and to follow the course of experiments in which both pyogenic organisms and tubercle 
microérganisms associated with pneumonia. But we know | _ bacilli were used. The inhalation of such organisms is with- 
that inflammation of the lung can occur when no gross lesion | out effect unless the respiratory tract has first been irritated or 
of the upper respiratory tract exists. In the latter condition, | damaged. It is true, of course, that when the functional 
how do bacteria reach the lung? This is the question we have | capacity of the mechanism is lost pneumonia follows. This 
sought to answer, and the results of our experience, briefly | has been clearly demonstrated in the study of pulmonary 
stated, indicate that in such cases the rich plexus of lymphatics irritating gases.’ 
within the submucosa of the trachea supplies the requisite In reaching a conclusion concerning the pathway of infec- 
pathway. tions to the lungs in various types of pneumonia, the difficulty 

‘The theories concerned with pulmonary infection have been has depended largely upon the fact that the disease could not 
greatly influenced by the anatomical relations of the lungsand | be reproduced experimentally with a desirable degree of regu- 
trachea. Naturally, the external communication of the lungs | larity and certainty. In many instances the conditions im- 
through the bronchi and trachea suggested that bacteria | posed by the experiment were so artificial that they might not 
entered by this route and caused pneumonia. And it is well | be considered as factors in spontaneous infection. The intra- 
known that foreign material may reach the lung in this way; bronchial insufflation method is, of course, the one in mind. 
carbon particles, for example, are encountered within the pul- The lobar, lobular and interstitial types of pneumonia have 
monary tissue at autopsy almost as a routine. The importance all been produced by insufflation, and they have also been 
of this route is illustrated also by cases of aspiration pneu- produced by needle puncture of the trachea through the skin 


monia. On the other hand, the structure of the tracheal and of the neck. 
bronchial lining, with its covering of ciliated, mucus-secreting * Experimental Studies on the Lesions Produced by Poisonous 


epithelium, renders it difficult for foreign materials to reach 


the lung, and it is fair to assume that under normal condi- able contributions to this subject, has been »~:sented by Wads- 
tions this protective mechanism is a competent one. Further- worth. Am. Jour. Med. Sci., 1904, CXXVII, 851. 
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From our studies of pulmonary irritating gases* and in- 
fluenza,’ it seemed logical to divide the pneumonias into two 
groups; namely, those secondary to damage of the protective 
mechanism of the upper respiratory tract, and those in which 
such damage was not demonstrable. Concerning the pathway 
of the infection in the latter type of the disease, no explanation 
has been suggested other than that noted above; namely, that 
the pathway of the microérganisms was through the lumen of 
the trachea and bronchi. As has been said, this seems unsat- 
isfactory in view of the physiology of the larger air passages. 
The question of a primary invasion of the blood stream re- 
quires no historical discussion, since although evidence is at 
hand that early infection of the circulation occurs, an adequate 
explanation of how the organisms reach the blood stream has 
never been advanced. 

The production of lobar pneumonia in monkeys by intra- 
tracheal inoculation by the needle puncture route has recently 
been reported by Blake and Cecil.’ The question arises then : 
How can pneumonia be produced in this way, if as has been 
assumed, the epithelium of the upper respiratory tract is a 
competent protective mechanism? The one point of departure 
from insufflation in this experiment is the needle puncture 
of the wall of the trachea and subcutaneous tissues. This 
needle, though sterile on entry, is unquestionably infected 
when it is withdrawn, and consequently a possible path of in- 
fection to the lung may be found elsewhere than through the 
lumen of the trachea. The experiments recorded below indi- 
cate that this supposition is correct. 


Tue SusMvcosa or THE TRACHEA AND As A 
PATHWAY OF INFECTION TO THE LUNG 

Rabbits were inoculated into the trachea through the skin 
of the neck by needle puncture. Pneumococci of established 
virulence were employed. Invariably the animals died of 
septicemia which began shortly after the inoculation and per- 
sisted until death. The period of survival after inoculation 
varied ; in some instances it extended over six days. Infection 
of the needle path was found regularly, and in some animals 
the lesion involved not only the tracheal submucosa, but also 
the peritracheal and subcutaneous tissues. Whenever the sub- 
cutaneous tissue was involved, a severe cellulitis extended from 
the submaxillary to the thoracic region. Where the infection 
was less superficial, cellulitis and phlegmon were occasionally 
demonstrable in the deeper fascial planes of the neck. Some- 
times the infection was confined chiefly to the submucous and 
peritracheal tissues, and in a few cases it was limited, except 
microscopically, to the submucosa itself. The inflammatory 
process in the submucosa could be traced grossly. From the 
point of inoculation it extended below the bifurcation of the 
trachea and into the larger extrapulmonary bronchi. In all 

> Vide supra. 

*The Pathology of Influenza, M. C. Winternitz, Isabel M. Wason 
and Frank P. McNamara. Yale University Press, 1919. 

* Blake and Cecil, cf.: Papers read before the Soc. of Exp. Path., 
April 19, 1919; Nat. Acad. of Sci., November 19, 1919; Soc. Amer. 
Bact., December, 1919. 
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instances there was involvement of the thoracic and 
serous surfaces. Pericarditis, pleuritis and medi were 
frequent, but their occurrence bore no absolute re ip to 


the extent of the inflammatory involvement of the lung itself. 
Frequently, several lobes of the lung were involved by a diffuse 
inflammatory process. Grossly, the lungs appeared more vol- 
uminous than normal, and despite their increased volume, 
contained much less air than usual. Occasionally, especially 
in animals which survived the inoculation for a relatively 
longer time (3 to 6 days), one of the lobes of the lung was 
found to be more voluminous than the others and definitely 
hepatized. As a rule, the consolidation was lobular. The 
microscopic examination corroborated the gross picture just 
described. In some of the sections the needle tract itself was 
included, and there minute damage to the epithelium of the 
trachea was demonstrable, together with the presence of a 
small amount of exudate at the point of entry. The remainder 
of the epithelium of the trachea and bronchi, except the 
epithelium of the bronchi involved in the pneumonic process, 
was intact; the delicate, ciliated margin could be readily seen. 
In contrast with the epithelial lining of normal appearance, 
the submucosa was greatly increased in depth, the blood ve 
were injected everywhere, and an accumulat*: 
morphonuclear leucocytes, fibrin, serum 


cells could be traced from the ~ Lonea 
near the site of the ine acosa of the 
larger bronchi near .- From this point, 
the infection spread ag itself, and in several in- 


stances was clearly c to the peribronchial and _peri- 
arterial tissues, together with the alveoli of the lung in direct 
continuity with them. The inflammatory exudate involving 
the peribronchial and periarterial lymphatic trunks extended 
even to the pleural surface. Not inf1 

purulent accumulation was evident 

seemed attributable to an extension 

larger structures. 

These experiments, then, indicate that the infection of the 
lung was not caused by organisms introduced into the trachea, 
but followed the inoculation of the loose tissue of the sub- 
mucosa, perhaps by way of the lymphatics, just as a Strep:o- 
coccus lymphangeitis of the finger sometimes follows needle 
puncture. 

Other experiments were performed to control the fate of 
bacteria introduced by insufflation into the lumen of the 
trachea just below the larynx without damaging the mucosa. 
Intratracheal insufflation without injury to the delicate tissues 
of the larynx or trachea is not an easy task, at least when 
rabbits are the subject of experiment. This is attested by the 
frequent occurrence of blood on the end of the catheter when 
it is withdrawn and by the occasional death of the animal 
during the operation from a clot which occludes the trachea. 
For this reason, in these experiments every precaution was 
taken to prevent such damage. A catheter with a blunt rubber 
end and lateral opening was selected to protect the guiding 
stylet. However, even with strict precaution, the results of 
the experiments were far from what had been expected. 


| 
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Fic. 1.—A retouched photograph of the trachea and bronchi of a rabbit (cleared by the Spalteholz method) to show 
the lymphaties injected with India ink. 
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In these animals the clinical course was not unlike that in 
animals inoculated by needle puncture. The gross anatomical 
findings also were identical. Mediastinitis, pleuritis and peri- 
carditis all occurred, and while lobar pneumonia was not en- 
countered, extensive lobular consolidation developed in many 
of the animals. The single point of difference between the 
animals inoculated by the catheter and those injected by the 
needle method was the absence in the former group of extra- 
tracheal inflammatory involvement in the cervical region. In 
no instance was there subcutaneous, intramuscular or peri- 
tracheal inflammation, but in all of the animals a minute 
lesion of the tracheal epithelium, usually just below the 
larynx, was seen grossly. It appeared as a small, grey, slightly 
opaque, friable nodule. The remainder of the epithelial cover- 
ing of the trachea and larger bronchi was pale grey, trans- 
lucent and occasionally slightly injected. Exudate in the 
lumen and marked injection of the lining membrane were 
found in the smaller bronchi only. Sections of the trachea 
through and below the point of injury, as well as those of 
the larger bronchi, all showed the same gross injection and 
thickening of the submucosal coat. Histologically, the inflam- 
matory process in the trachea was confined to the submucosa ; 
otherwise here, in the bronchi and in the lung, it was identical 
with that described above. 

Occasionally, injection and even slight cellular infiltration 
was found in other coats of the trachea, but this was very 
inconspicuous. Only at one point was the lining of the 
trachea abnormal, and this point was the area of dam: 
already mentioned. A few cells of the mucosa were here 
replaced by a plug of fibrin in which cells of the polymor- 
phonuclear series were embedded. 

This method failed to fulfil our purpose. We hoped that 
infection would not occur if the organisms were placed in the 
lumen of the trachea, but this, as we found, could be expected 
only if the operation caused no injury to the mucosa. Since 
in all of the experiments damage was done, the point of injury 
from the catheter served as a portal of entry for the infecting 
microérganisms. In fact, this series corroborated the previous 
one, inasmuch as the infection spread from the portal of entry 
through the submucosa to the thoracic viscera and involved 
the mediastinum, pericardium, pleura and lungs. Septicemia 
developed in these animals, but the point of entry of the 
organisms into the blood stream was not determined. 

The primary object of this experiment was to demonstrate 
that bacteria introduced into the jumen of the normal trachea 
do not reach the lung. 
would be mechanically carried to the oral orifice, or perhaps 


It seemed possible even that they 


destroyed by the tracheal secretion, just as organisms are 
Although the 
experiments were inconclusive in this respect, we found that 
whenever animals were killed or died within 48 to 60 hours 
after inoculation, whether inoculated by needle or by insuffla- 
tion, the lumen of the trachea was sterile. The wall of the 
trachea, however, contained bacteria. 


destroyed by the secretions of the mouth." 


* Bloomfield: The Fate of Bacteria Introduced in the Upper Air 
Passages. Bull. Johns Hopkins Hospital, 1919, XXX, 317. 


Tue LYMPHATICS OF THE SUBMUCOSA OF THE TRACHEA AND 
BroNncul 


The histological picture in the submucosa of the trachea 
and bronchi and in the periarteriolar and peribronchiolar 
alveoli of the lung suggested very strongly that the lymphatics 
of the submucosa of the trachea provided the pathway for the 
infection. However, in what way the infection spread from 
the submucosa of the trachea and bronchi to the pulmonary 
parenchyma was not clear. 

It is well known that the submucose of the trachea and 
bronchi contain lymphatics, though little attention has been 
given to these structures as compared with that given the 
lymphatics of the lung. The latter have been thoroughly 
studied, and a brief review of our knowledge of them has 
recently been published by Miller,’ one of the chief contribu- 
tors to this field. Miller divides the lympliatics of the lung 
into two groups: the pleural lymphatics which drain directly 
to the hilum of the lung, and the deep lymphatics of the lung 
which also drain to the hilum and communicate with the 
lymphatics of the pleura by short branches whose valves point 
towards the pleura. The pleural lymphatics contain many 
valves. The deep lymphatics of the lung contain few valves, 
all of which are near and point towards the hilum. The 
lymphatics of the submucosa of the cartilage-bearing bronchi 
may be divided into two groups: Those beneath the mucosa 
and those in the peribronchial tissue. These two groups com- 
municate by short branches in the intercartilaginous spaces. 
In the bronchi which have no cartilage, there is only one small 
group of lymphatics, while the alveolar walls have none. The 
lymphatics of the bronchi communicate extensively with the 
periarteriolar system, and a large trunk is located between 
bronchus and artery. 

The injection of the lymphatics of the submucosa we found 
to be simple. A needle inserted beneath the mucosa almost 
invariably enters a large lymphatic, and with very gentle 
pressure a huge plexus is demonstrable, extending up and 
down from the point of injection. Above, it reaches the sub- 
mucosa of the vocal cords and epiglottis. Below, it is very 
abundant as far as the bifurcation of the trachea and extends 
below the bifurcation of the trachea into the larger bronchi 
and even into the smaller, intrapulmonary, cartilage-bearing 
bronchi. The injection mass diminishes markedly at the bifur- 
cation of the trachea and at each subsequent bifurcation of a 
bronchus, but if the injection is commenced at the bifurcation 
of the trachea or even lower down, a plexus as abundant as 
that in the submucosa of the trachea is demonstrable. The 
details of the extension of the lymphatics from the submucosa 
of the trachea and bronchi we have not yet completely deter- 
mined; the subject is now under investigation. It may be 
said, however, that the plexus in the submucosa of the trachea 
anastomoses with another plexus in the peritracheal tissue, 
and that large lymphatic trunks are demonstrable in this 
vicinity. It is also clear that relatively large branches leave 

*W. S. Miller. Studies on Tuberculous Infection, III. The 
Lymphatics and Lymph Flow in the Human Lung. Am. Rev. of 
Tuberculosis, 1919, III, 193. 
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the trachea and bronchi at the points of bifurcation, and there 
is some evidence that these anastomose with the periarteriolar 
lymphatics. Other smaller trunks pass directly to the medias- 
tinum and, of course, to the glands in this vicinity. 

It is necessary to assume that a short circuit occurs around 
the lymph glands at the hilum of the lung if the infection is 
carried to the lung by the lymphatics. It is known that there 
are few valves in the deep lymphatics of the lung and that these 
point toward the hilum. It is known also that the lymphatics 
of the submucosa of the bronchi anastomose with the peri- 
bronchial and periarterial lymphatics. A short circuit of the 
lymph glands at the hilum is actually provided by anastomosis 
of the lymphatics of the tracheal and bronchial submucosa 
with those of the periarteriolar and peribronchial regions. 
Unquestionably, other by-paths exist, but as yet these are not 
sufficiently defined for accurate description. However, it is 
pertinent that they provide paths by which infection may 
travel from the submucosa of the larger air passages to the 
lung. 

The lymphatics of the submucosa of the trachea and bronchi, 
as we have now determined, are readily demonstrated when 
the tissues are stained by the Gram method after inoculation 
with pneumococci either by needle puncture or insufflation. 
The bacteria stand out prominently in the distended lym- 
phatics of the submucosa, and although occasional organisms 
are seen outside of these structures, they are relatively incon- 
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spicuous. Furthermore, they never appear in the epithelial 
lining of the trachea or larger bronchi. 


CONCLUSION 


The submucosa of the trachea contains a rich plexus of 
lymphatics, prominent everywhere and devoid of valves. At 
the bifurcation of the trachea anastomosis occurs with simi- 
lar plexuses in the bronchi, and this phenomenon is repeated 
throughout the region of the cartilage-bearing bronchi. At 
the bifurcation of the trachea, as well as of the bronchi, there 
is drainage to the lymph glands and anastomosis with peri- 
arterial and peribronchial lymphatics. When the lymphatics 
are injected, the larger portion of the material is diverted at 
these bifurcations, but continuity of the lymphatic system in 
the tracheal and bronchial submucose is demonstrable. 

Pneumococci introduced by needle puncture through the 
skin into the lumen of the trachea or by insufflation, provided 
the insufflating catheter damages the epithelium of the trachea, 
spread by way of the lymphatics to the lung. The lymphatics 
of the submucosa of the trachea, then, afford a direct pathway 
of infection to the lung. Although this lymphatic system pro- 
vides a pathway for infection, it may also serve as a protective 
mechanism against pulmonary infection, for the drainage of 
the submucosa of the trachea and bronchi is largely diverted 
as the lung is approached to the protecting regional lymph 
glands. 


GERMAN NUTRITION, 1914-1919 


By Cieon C. Mason, 


Major, Sanitary Corps, U. S. A. 


When, on the 4th of August, 1914, England declared war 
on Germany it was a foregone conclusion that a blockade 
would at once be established, and a question thrust itself upon 
everyone who had any knowledge of German economic life: 
Could Germany hold out through a long war if cut off from 
her considerable imports of food and fodder? ‘The question 
of a nation’s food supply during war is such a problem that 
for its full appreciation and solution the politician, the politi- 
cal economist, the statistician, the physiologist, the farmer, the 
geologist, and the housewife must each be called upon to con- 
tribute his or her share of knowledge. With the question 
clearly before them, the German authorities at once proceeded 
in a typically German manner to attack the problem. The 
result was a large committee, which eventually, under the 
leadership of Eltzbacher, produced a volume called “ Die deut- 
sche Volksernahrung und die englische Aushungerungsplan.” 
This volume was Germany’s answer to the blockade. 

The volume sets out to show the German food requirements, 
first per capita, and then translates this into national needs 
of millions of tons of protein and milliards of calories. The 
national consumption is analyzed into home produced and 
imported, accurate estimates and percentages calculated as to 
protein and calories coming from abroad, and finally the woik 


points out that the German nation can hold out indefinitely, 
provided the advice given is followed. There is every reason 
to believe that the book is a serious attempt to solve the most 
difficult of all the questions which the Germans faced, and had 
the German Government heeded to a greater extent the ideas 
advanced there seems to be good reason for feeling that the 
“ Aushungerungs ” plan would have failed. 

The essential data in the memoir are to be found in the 
tables, which are attached, a study of which will help greatly 
in an appreciation of the food problem in Germany. Dr. 
Waller, of the University of London, in his preface to the 
English translation of the volume, has summarized these 
tables as follows: 

Germany used of protein in 1912-1913. .2,261,900 tons. 


Germany can live upon............... 1,605,000 tons. 
Home resources normally produce..... 1,554,000 tons. 
Home resources can produce.......... 2,022,800 tons. 


This table, translated into per capita per day consumption, 
a form more comprehensible to the average person reads: 


Protein consumption, 1912-1913......... 93.0 grams. 
Minimum physiological requirement.... 64.0 grams. 
Home resources normally produce....... 62.5 grams. 
Home resources can produce........... 81.5 grams. 


1 


| 
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This table, as will be noted, is based on a per capita per day 
basis, and not on a per man basis. For all ordinary purposes 
the total population (men, women, children) multiplied by 
0.80 will give the man population. The Interallied Scientific 
Commission of Food sets down the following factors as being 
official in the countries named for the calculation of man 


population : 
For the United States. ..0.84 0.85 
For the United Kingdom. 0.835 0.826 


The German factor, as calculated by the Germans, varies 
between 0.7625 and 0.8085, in either case being a much lower 
figure than any quoted above, due to the larger child popula- 
tion of Germany. On the per man per day basis the German 
data show that: 


Protein consumption 1912-1913 was...... 116 grams. 
Minimum physiological requirement is... 80 grams. 
Home resources normally produce....... 78 grams. 
Home resources can produce............ 102 grams. 


It will be noted that the protein requirement is set rather 
low, not only as regards the German consumer, but as regards 
the scientific consideration involved. This will be referred to 
later. 

The total calories required received the same careful atten- 
tion and the data, scientific and statistical, resulted in the 
following tables: 


Calories consumed, 1913-1914......... 90.42 billions.’ 
Physiological requirements .......... 56.75 billions. 
Normal home production............. 57.68 billions. 
Home resources can produce......... 81.25 billions. 
This table translated into daily consumption reads: 
Per man Per capita 
Calories consumed, 1913-1914...... 4779 3642 
Physiological requirements ....... 3000 2287 
Normal home production ......... 3577 2727 
Home resources can produce....... 4295 3274 


This showing in relation to calories is much more promising 
than the protein showing. 

The amount of food imported prior to the war is shown 
in the following paragraph from the German Memoir, page 74, 
English translation : 

Our total consumption of all foodstuffs before the war amounted 
to 2,261,900 tons of protein, 2,581,000 tons of fat, 12,913,000 tons of 
carbohydrates, and 88,649 milliard calories came from abroad. We 
therefore had to thank the foreigner for 26 per cent of protein and 
20 per cent of calories.* 

From a study of the above figures the deficit is obvious. 
However, on the total nutrients there is a deficit only in rela- 
tion to the standards of consumption ; the real needs are more 
than met. In the case of protein there is a deficit, not only in 
relation to consumption, but in relation to needs, and that on 
the basis of the protein need which it appears is set too low. 
One of the causes of the especial shortage in protein is to be 
found in the lack of foreign fodder, it being impossible for 
Germany to trade her protein-free sugar for protein-building 
foods. 


*The German milliard — 1000 millions or 1,000,000,000. The 
German billion — 1 million millions or 1,000,000,000,000. 
* See attached table, Number I (Page 75, Eng. Tr.). 


Such, very briefly, was the situation in 1915 as seen through 
the eyes of the best men in Germany. One must look further 
and see how it was planned to meet the deficit caused by the 
blockade and then, to get a picture of the whole, must consider 
what happened as the war progressed in order to appreciate 
fully the condition found in Germany in January, 1919. 

The problem which the German nation faced was one of 
making its income meet its needs. Inasmuch as consumption 
had been in excess of needs it became necessary to reduce the 
consumption, which, if done wisely, would result in the solu- 
tion of the problem as it related to calories, for the normal 
home production of total food value was greater than the 
national need. But to meet the protein deficit, the country 
normally producing only 97 per cent of the low estimated 
needs, was a serious problem. Not only must the 3 per cent 
be overcome, but enough more produced to allow for the 
inevitable losses occurring in handling. From a physiological 
standpoint the protein deficit was further complicated by the 
fact that the body has no protein reserves, but lives a hand-to- 
mouth existence in this relation. The fat and small carbo- 
hydrate reserves, when supplemented by even an inadequate 
diet, can be made to last for surprisingly long periods. Long 
before these reserves are exhausted there is a genuine call for 
protein. 

One of the first procedures advised was an immediate reduc- 
tion of the live stock, and especially of the hog. Stock con- 
sume mostly vegetable foods, convert it into meat and fats 
which are then food for humans. Certain animals can eat the 
foods which man cannot consume, e. g., cattle and sheep will 
maintain themselves on pasturage and straw or hay, foods 
entirely useless to man, and these animals will convert this 
inedible material into a food useful to man, either as milk 
or as meat. On the other hand, the hog is not an animal that 
can live in such a way. A hog must be fed upon materials 
which will also make human food. The hog question is clearly 
shown in the following statement of a hog’s converting effi- 


ciency: 
Food required to fatten...Protein, 45 kg. Calories, 1,327,000 
Fat hog produces......... Protein, 11 kg. Calories, 607,750 


Therefore, in the fattening process we are able to recover 
from the hog only 24.4 per cent of the protein given and only 
44.3 per cent of the calories supplied and there is good reason 
to believe these figures are high. Unless the hog is going to 
be fed entirely from the foods not edible by humans it would 
be wiser to eliminate him. This problem of the hog as a 
competitor for human food received a great deal of attention 
in Germany through the war, and the fact that in 

1914 there were 26,000,000 hogs, and in 

1919 there were 8,000,000 hogs 
shows that beyond a doubt the situation had become serious. 
This great reduction in the stocks of pigs was not, however, 
the result of the advice given to reduce the number. Had the 
reduction been carried out scientifically, the meat carefully 
cured and stored, the country at large would have fared 
better. As it was, with every change in crop outlook the 
attitude towards the hog changed. To have ordered the entire 
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nation to slaughter all the hogs would have been an impos- 
sible measure, so the situation took a natural course. When 
it looked as if there was going to be a shortage of food for the 
hog, the people began to slaughter, and for a period there was 
a great plenty of meat; then followed a period when there was 
less, and this alternation kept up until the hog stock of Ger- 
many became too low to permit of any further reduction. It 
is interesting to note that each successive period showed a 
smaller and smaller meat supply. The German policy in rela- 
tion to the increase of the protein supply may be quite simply 
stated: “Do not feed an animal grain which you could eat 
because you must allow the animal a 75 per cent profit. Eat 
the vegetable protein yourself and save the animal profit.” 


The solution of the problem lies in a broadening of the 
vegetable basis of the human food supply, and a simultaneous 
slight contraction of its animal basis. A general principle 
may be deduced that when the vegetable basis of the human 
food supply suffers contraction, the amount of vegetable food 
for direct human consumption must be immediately increased. 
If a sufficient increase cannot be effected because the food 
of animals has been composed largely of grass and hay, which 
are not suitable for human food, then part of the meadowland 
should be converted into ploughland so that the requisite 
vegetable calories may be secured for human nourishment by 
increased cultivation of grain and potatoes. In any case it 
is a completely mistaken policy, when the general vegetable 
basis of the food supply has undergone contraction, to reduce 
the direct human consumption of vegetable foodstuffs for the 
sake of producing animal foodstuffs. If a workman, on find- 
ing that the amount of vegetable calories available daily has 
been reduced from 7000 to 5600, seeks to reduce his consump- 
tion of animal calories from 2000 to 1000 in order that he may 
have 4000 calories for conversion into animal food, he will 
obtain from such conversion only 920 calories, and his total 
daily food supply will therefore amount to 1920 calories; this 
is absolutely insufficient, and he will not be able to continue 
his daily work without using up his physical capital, losing 
heavily in weight, and eventually falling into disease. By 
raising his direct consumption of vegetable food to 2500 
calories per day, on the other hand, he will be able to obtain 
the same number of calories as before, and even a little more. 
But this method, of course, can only be effectively applied if 
the cattle stocks of the country are reduced to such an amount 
as can be properly fed with the diminished supply of fodder. 
Otherwise the vegetable calories used for fodder will be partly 
or wholly wasted, instead of undergoing conversion into their 
full equivalent in animal calories. 

A practical illustration will make this clear. Suppose there 
are two families, A and B, which are exactly similar in cir- 
cumstances, but pursue opposite food policies during the war. 
Each of these families consists of five members, and possesses 
a plot of land which yields annually 2500 pounds of bread 
grain and 7000 pounds of potatoes; each family keeps a goat, 
which lives on grass, hay, and kitchen waste, together with twa 
pigs every year, which are brought each to a slaughter weight 


| 


of 300 pounds. The grain and potatoes grown by each family 
are not by themselves sufficient for the feeding of the family 
and the fattening of the pigs, and each family therefore has to 
buy 500 pounds of bread grain and 1500 pounds of potatoes 
every year; so that altogether each family has 3000 pounds 
of bread grain and 8500 pounds of potatoes at its disposal. 
fach family consumes 1500 pounds of bread grain and 2500 
pounds of potatoes directly, and uses the remaining 1500 
pounds of grain and 6000 pounds of potatoes for the fattening 
of the two pigs to a slaughter weight of 300 pounds. 

The outbreak of the war makes the purchase of grain and 
potatoes impossible, and each family is compelled to rely ex- 
clusively upon its own production of 2500 pounds of grain 
and 7000 pounds of potatoes. Family A resolves to keep only 
one pig; this one pig is fed, as in time of peace, with 750 
pounds of grain and 3000 pounds of potatoes, and brought in 
this way to a slaughter weight of 300 pounds as before. For 
its own direct consumption family A has therefore 1750 
pounds of grain instead of 1500 pounds as previously, and 
4000 pounds of potatoes instead of 2500 pounds. These 
quantities are more than sufficient, so that a part of them can 
be supplied as additional fodder to the pig, which is thereby 
further fattened to a slaughter weight of 350 pounds. Family 
A by this method secures a more ample supply of vegetable 
food than in time of peace, together with an adequate, though 
diminished, supply of animal food. 

Family B pursues an opposite policy. It resolves to main- 
tain two pigs, as in time of peace, and to divide the deficiency 
of 20 per cent equally between men and pigs. The hard 
working members of the family lose weight, and the pigs do 
not grow fat. The fodder supplied to them is wasted for the 
most part in their mere maintenance, and they put on very 
little meat. When the fattening period is over and the ap- 
pointed supply of fodder completely consumed, it is found that 
the slaughter weight of each pig is only 150 pounds. Family 
B therefore has only 300 pounds of meat as against 350 pounds 
secured by family A; and, moreover, the quality of this meat 
is very much inferior to the quality of that secured by family 
A. One kilo of lean meat yields only 1000 to 1500 calories. 
whereas 1 kilo of fat pork yields 4500 and pork fat (“ speck ”) 
as much as 7000 calories per kilo. The single pig maintained 
by family A has therefore at least three times as much nutritive 
value as the two pigs maintained by family B. 

The father of family B does not perceive that his policy has 
been radically wrong. Disputes have arisen in the family be- 
cause the housewife has occasionally given a handful more 
potatoes to the hungry pigs or a handful more bread to the 
hungry sons than was provided for in the scheme of rationing. 
The father considers that such irregularities are the real cause 
of his failure, and resolves therefore to pursue the same food 
supply policy in the coming as in the past year, but to enforce 
it with more energy and strictness. The energetic prosecution 
of a mistaken policy does no good ; the previous difficulties re- 
main and the discontent in the family increases. 

Germany has pursued the same policy as family B, and all 
her food supply difficulties arise from this fundamental fact. 
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She has aimed at maintaining her large stock of cattle un- 
diminished through the war, despite the stoppage of concen- 
trated fodder imports ; whereas she ought to have adjusted the 
stocks of cattle to the available fodder supplies by means of 
a scientific reduction. As a matter of fact, the stocks have 
been allowed to attain dimensions never reached in time of 
peace. They numbered 21,828,783 head on June 1, 1917, as 
against 20,994,341 head on December 1, 1913, although it is 
true that the number of cows shows some diminution. At 
the beginning of the war an attempt was also made to maintain 
the pig stocks at the level of peace time, and although reduc- 
tion was afterwards undertaken, it has not been sufficient to 
allow proper feeding of the stocks which have been kept. The 
authorities have worked directly for the maintenance of exces- 
sive cattle and pig stocks by means of slaughter prohibitions, 
excessive promotion of breeding, promises of official supplies 
of concentrated fodder, and reduction of meat rations. The 
result is that large quantitives of vegetable food and fodder 
stuifs have been wasted in the mere maintenance of cattle and 
pigs, without any production of meat or fat. The ill-fed 
cattle have deteriorated considerably in quality, and there is 
less meat, fat, and milk for the public than would have been 
obtained from the same quantity of fodder if fed to a smaller 
number of cattle. Not only so, but the bread and potato 
rations for human consumption have been reduced in order to 
make grain and potatoes available for the maintenance of cattle. 

Economy in bread and potatoes has been preached, although 
in reality true food economy would require the fullest possible 
direct human consumption of bread and potatoes up to the 
physiological point of satiation. Economy in the use of bread 
and potatoes, in order to use them as fodder, means an enor- 
mous waste of food supplies. This waste must be estimated at 
many million tons yearly, since not only are foodstuffs with- 
drawn from direct human consumption, but fodderstuffs, un- 
suitable for human food (hay, roots, beet-slices, etc.), are 
wasted in the maintenance of cattle, instead of being profitably 
used for their fattening. The result is that Germany, like 
family B, suffers from shortage of vegetable and animal food 
alike. If she had pursued the same policy as family A, and 
had scientifically reduced her cattle stocks, she would now have 
an ample supply of vegetable food and much more animal food 
than she actually has. Nor would her cattle stocks be in any 
serious danger. In Germany, unlike England, the vegetable 
basis of the food supply is broad enough to allow under all the 
circumstances not only an ample supply of vegetable food to 
the public, but also the proper fattening of a considerable 
part of her cattle stocks, without any import being required. 
The policy pursued by the German authorities has consider- 
ably accentuated instead of counteracting the effect of the 
British blockade. A complete break must be made with this 
mistaken policy. The authorities must be brought to see that 
the present is no time for the hoarding of cattle with a view 
to the post bellum period. 

Finally, there were powerful political reasons for an im- 
mediate comprehensive improvement of food conditions. The 
widespread discontent among the German people is due mainly 


to the dislocation of the food supply, and will disappear as 
soon as this dislocation is remedied.’ 

But for all the elaborate plans, in spite of the continual 
assurances that they were getting enough, in spite of the rigid 
food control and food rationing, something was wrong. On 
paper, at least, everyone was getting all the calories he needed, 
but he was hungry all the time. Throughout 1915 things ran 
smoothly, due to the popularity of the war, the patriotism of 
the people and their perfect confidence in the outcome. Then 
came the poor crops of 1916, and from that time on things 
have gone from bad to worse. A typical example is shown in 
the attached chart which gives by six-month periods from 
July 1, 1916, to January 1, 1919, the complete figures for the 
food allowed for one person by the prescribed ration. The 
second part of the chart contains a résumé showing the con- 
tent of the ration, by periods, in fat, protein, and carbohydrate, 
and its caloric value. A careful study of these figures will 
show something of the seriousness of the situation. With an 
average caloric value of about 1500, the ration probably repre- 
sents less than 1000 calories of value to the body because of 
the low digestibility of most of the foods. The bread as sup- 
plied, in the course of digestion loses 40.3 per cent of the 
nitrogen and 14.8 per cent of the total calories, and the 
“ Steckriiben ” supplied so freely as a potato substitute in 
1916-1917 loses 66 per cent of the nitrogen content and 22 
per cent of the caloric value. Nor was it possible to improve 
the diet, because the only foods available were the vegetables 
of a similar character, with high cellulose content. . There 
was, to be sure, a great deal of food which could always be pur- 
chased at high prices through illegal methods, but this food 
never got into the hands of the poor, the people who needed 
it most. 

The policy of rationing the food caused a great deal of 
trouble. Any attempt to bring a large group of people under 
one diet will always result in grave inequalities. In his report 
of December, 1917, Rubner refers to this situation with some 
bitterness. He said: 

The more thoroughly we consider today the conditions of 
national nourishment in their effects upon health, the more the 
conclusion is forced upon us that the blockade and embargo compel 
us to get along with our own food products, but that the real basis 
of the injurious effects of the diet to be traced lies merely in the 
distribution of the food, which works disadvantageously for indi- 
vidual sections of the nation and certain groups of persons. In 
the very beginning we pointed out that the distribution between 
city and country has turned out to the disadvantage of the city. 
It was not necessary to change the composition of the diet of the 
rural districts and it has in many sections, where the diet was 
formerly very poor in meat, become richer in meat, due to the 
establishment of the Imperial Meat Bureau... . . It is, however, 
clear that the very principle of economy itself is violated by any 
system of rationing, and that such a system in and of itself, if it 
is made as simple as possible, comes into conflict with the attempt 
to supply the population with proper nourishment. The amount of 
nourishment required depends upon the mass of a human being’s 
body and its functions, which vary in both large and small cities 
according to the climate, clothing, season of the year, calling, 
habits, sex, age, psychic differences, etc., and which again vary for 


°G. Oetelshofen: Ké6lnische Zeitung, October 14, 1917. 
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each individual with every day of his life. The natural amount of 
nourishment taken in is in every case regulated by requirements, 
as noted by sensations of hunger and of repletion. In individual 
cases these sensations, like every other function, may vary from 
the normal, being either decreased or increased in an unhealthy 
manner. The nourishment desired is closely adapted to the 
nourishment required, hence the conditions of balance often main- 
tained for years in an adult. To-day, however, we have come to a 
rationing of foods to so large an extent that the ration alone gives 
the bulk of the nourishment, and permits the free purchase of other 
things only to a limited and inadequate extent. The present plan 
attempts to nourish with little variation, infants, children, preg- 
nant women, nursing mothers, persons working fairly hard, and 
persons engaged in the hardest kinds of labor, with an amount 
uniform for all, with the same kind of food for each class, and 
through very limited supplies given out at very short intervals 
and throughout the entire Empire. Such a nation-wide system 
of food distribution as compared with self-regulation does not lead 
to economizing, but to an excessive consumption of supplies. 

The food system behind the front recognizes no social distine- 
tions according to needs, no individual prerogatives, neither the 
particular requirements of men and women nor the trade distinc- 
tion between quite heterogeneous elements, and in the case of 
adults; no distinction of age. The classification into workers and 
non-workers takes from the latter every chance of bettering their 
condition. The amount of food allowed by a food ticket is purely 
a mathematical quantity, of interest as such when considered from 
the standpoint of national economy or physiology, but which in its 
practical application works a grave injustice. It is a correct esti- 
mate, provided the holder possesses the average weight of the 
nation; for those underweight it is too much, for those overweight 
it is too little, nourishment. Families with young children have a 
better chance of evening up inequalities than a family with grown 
children, while elderly people who usually live alone fare very 
badly. The artificial distribution as carried on at present can 
never provide proper national nourishment.’ 


There is a very definite causal relationship between the 
inadequacy of the rationing system as worked out in Germany 
and the government policy of price fixing. In normal régime, 
where the laws of economics, competition, etc., are allowed free 
play, all prices seek a level that is just and fairly constant. 
In setting the maximum prices for farm produce the govern- 
ment had in mind only the proper alimentation of the nation. 
Due to the severe lines of the ticket system for procuring 
food, there arose a demand in certain places for certain foods, 
and this demand in turn led to the offering of greater prices 
than the prescribed maximum, and out of this situation, due 
partly to the low maximum set and partly to the weaknesses of 
the rationing system, developed the entire system of “ Schleich- 
handel.” The government made one grave mistake. The 
price of farm produce was set, but no effort was made to regu- 
late the price of labor, the price of machinery, nor the price 
of fertilizers. The farmer saw men going to the munitions 
factories and receiving a much larger wage than ever before 
paid in Germany; in addition certain rich men were making 
huge war profits, these things leaving the farmer able to 
collect only his rather low maximum price, due to the price 
fixing policy. The only natural outcome was the extensive 
illegal dealing which grew to large proportions before the end 
of the war. This fact accounts for a great deal of the shortage 
in such items as butter, fats, milk and meat. 


4 Unpublished report of Rubner, December 20, 1917. 


The ultimate outcome of the entire situation was a large 
number of grave discrepancies in the national nutritiony 
wherein it was almost impossible for the poor to get proper 
food, while the rich had all they wanted. The actual diet 
allowed by ticket was not enough for human subsistence. A 
number of German scientists worked on this very problem— 
Rubner, Neumann, Bach, and Fr. Miiller. Neumann,’ work- 
ing in Bonn, has supplied the writer with a vast amount of 
extremely valuable data and charts. In Bonn, from July 1, 
1916, to July 1, 1917, the average value of the foods supplied 
on ticket was: 


41.00 grams. 
20.00 grams. 
Carbohydrate . 280.00 grams. 


1510.00 


Nor was Bonn the only city to find that the ticketed supply 
would not meet human requirements. In the summer of 1916 
the supply was: 


In Berlin ...... Protein ae 36.3 grams. (Loewy.) 
Calories ....1312.0 

In Wiesbaden... Protein ..... 43.6 grams. (Arnold.) 
Calories ....1547.0 

In Munich .... J Protein ..... 45.9 grams.) (i yhler.) 
Calories ....1709.0 


While living on the rationed foods for a period of seven 
months Dr. Neumann records a total weight loss of 37 pounds, 
or 18.5 kilograms, the beginning weight being 76.2 kilograms 
and the end weight being 57.6 kilograms. During the period 
of the observations Dr. Neumann was engaged in active work 
at the university, and during the last two months went into 
the fields and did the work of a farmer in addition to evening 
work at the university.” 

This condition of loss of weight has been true all over Ger- 
many. If the average weight loss has been to a degree approxi- 
mating that recorded above, then it is easy to figure what the 
national loss has been, not only of weight, but along the lines 
of efficiency and ability to work. There is no reason to believe 
that the average loss per man was anywhere near the figure 
set by Neumann, for the reason that a great deal of food 
moved through channels other than the official ones; probably 
between 25 per cent and 33 per cent of all food in Germany 
was sold through “ Schleich-handel.” This fact enters into 
all considerations of the nutrition of the masses during the 
war, and must always be borne in mind in following any dis- 
cussion of the food. What the German was allowed on ticket 
and what he really managed to obtain were quite different 
things, probably spelling the difference between a starvation 
diet and a living one. 

Taking into consideration the low digestibility of the foods 
supplied it cannot be assumed that the rationed foods actually 
delivered to the body more than 1000 to 1100 calories daily. 
It needs no scientific proof to show that a hungry person 
needs more than 1000 calories daily, to satisfy his needs. 


Die Kriegsernahrung in Bonn im Winter 1916/17, u. s. w. von 
R. O. Neumann. 
°See Table IV (Neumann). 
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Maren, 1920] 
From a great deal of experimental work it is well known that 
the average person requires between 30 and 32 calories per 
kilogram of body weight, this when he remains quietly in a 
room and does no moving about. This figure is known as basal 
metabolism, and any estimates of a person’s food needs must 
take this figure as a basis to which all others are added. Hence 
a man weighing 60 kilograms will need for his basal require- 
ments about 1860 calories daily delivered to the body. If he 
were supplied with foods of the best quality, the gross need 
would be for 2065 calories in order that the losses of digestion 
might be compensated. With the rationed diet there is no doubt 
but that the Germans, as a nation, lost considerable weight. 
When a person begins to lose weight the loss consists of those 
things lacking in the diet, either from the fat layer or protein, 
probably both if the insufficient diet is maintained for sufficient 
time. By these losses the human being reduces the mass of 
the body, arriving at a new scale of weight and therefore a 
new level of nutrition. But this attempt at adaptation can 
only proceed to a certain limit; from animal experiments and 
observations on humans it is known that starvation ensues 
when the body weight which was previously normal reaches a 
half. 

The data furnished by Neumann in his experiment upon 
himself throw some interesting light upon the problem of 
body requirements and the relation to weight losses. Neu- 
mann lived for seven months on the following ration: 


... 45.00 grams daily. 
18.90 grams daily. 
Carbohydrate ..... 286.00 grams daily. 


Calories ..........1546.00 daily. 


During the period of the experiment he lost 18.5 kilograms 
or 24.4 per cent of his body weight. Towards the end of the 
experiment the rate of loss had become less rapid. From this 
it can be reasoned that the calories supplied were only 75 per 
cent of the amount necessary to maintain the body, that to 
have done the same work and to have held the beginning weight 
the body should have had about 2060 calories. Unfortunately, 
we have no data relating to the nitrogen losses during this 
work. 

The question of the nitrogen metabolism is of especial in- 
terest since the lack of protein was, throughout the war, one 
of the distinguishing features of the diet. The much dis- 
cussed question concerning the amount of protein necessary 
for a human was again revived in Germany, this time with 
a peculiarly human interest. In discussing this point at a 
conference in January, 1919, Rubner said that the grand ex- 
periment was far superior to 70 million rabbits. Bach,’ work- 
ing in Bonn, found that a nitrogen balance could be maintained 
on a protein turn-over of 0.92 gram per kilogram of body 
weight. This figure was the result of a long series of experi- 
ments on himself and four others, all living on the rationed 
diet. For a man of 70 kilograms weight this calculates to a 
protein need of 64.4 grams daily, a figure strikingly near that 
set by Chittenden.” However, the consensus of opinion as 


‘Bach: Berliner klin. Wehnschr., 1919, No. 6. 
Physiological Economy in Nutrition. 475 pp. 


* Chittenden: 
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voiced by the German scientists is that as soon as possible the 
people will get back to a higher level of protein metabolism. 
The war diet was forced upon the people by want, best illus- 
trated by the loss of weight recorded from all parts of Ger- 
many. Ina conference Rubner referred to the need of protein 
as follows: “ No human being can perform work if the muscles 
are insufficient. One fact is very interesting, viz., that the 
loss of protein, due to the very small quantity of this sub- 
stance contained in the alimentation of the people, can follow 
a steady course and may continue for quite a length of time 
before the effects become noticeable. In order to bring the 
population back to its old standard small amounts of protein 
are of no avail; protein must be given in increasing doses. 
Food containing protein will be able to rebuild the nation as 
a whole.” And through all the German writings runs a rather 
hazy idea; no one is willing to predict, yet all express, a grave 
fear for the future results. 

Another interesting fact has been noticed, for some years 
known in relation to animals, but owing to the lack of oppor- 
tunity, not followed up in the case of humans. In animals it 
has been found that, after starvation or undernourishment 
has been allowed to proceed beyond a certain point, it then 
becomes increasingly difficult for the animal to maintain a 
protein balance even when fed relatively enormous amounts. 
This fact has been reported in many instances in Germany 
in which persons who have lost weight almost to the limit are 
frequently unable to establish a balance even when fed as 
much as 100 grams of protein daily. 

The low protein diet has led to some other results. It has 
often been noted that many persons suffering from malnutri- 
tion were anemic. This would lead to the belief that the body, 
in order to prevent its own death, can set great limitations as 
regards the renewing of organs, above all else the formation of 
new blood, the reconstruction of tissues, and the healing of 
wounds. This is most strikingly shown in the great number 
of reports which have referred to a common condition found 
in women, suppression of menstruation for long periods, and 
among men to the less frequent report of testicular atrophy and 
a greatly decreased sexual libido. Perhaps there is some con- 
nection, after all, between the rapidly declining birth-rate in 
Germany and the low protein diet. 

In addition to an actual loss of weight most of the German 
observers point to other results, loss of efficiency, morale, ete. 
They point to widespread slowing up of national. industry, 
loss of endurance, the ease with which persons become fatigued, 
a great tendency to forget, and among professional people a 
loss of initiative. Most of these results are not physical 
but mental ; in fact the entire German nation to-day is under- 
going great psychological changes, unrest, riot, and revolution 
being rampant. That this is solely the effect of empty stomachs 
and hunger pangs, as the German writers would have us 
believe, hardly seems logical, but that hunger has played its 
part goes without saying. 

The question of the bread supplied the German population 


is worth some consideration.” In peace time the bread fur- 


*Rubner: Report to the Public Health Department, 1917 
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nished more than one-third of all the calories in the average 
diet. Of every 100 calories there were: 


In fact, bread and potatoes constituted the bulk of the ration 
and it was not everywhere that even these articles were fully 
In order to combat the increasing grain shortages 

This was done 
It is a question 


supplied. 
the flours were ground out to 94 per cent. 
in order to supply the people with bulk. 

whether the practice did in the end result in economy or loss 
of good food materials. The chief difference between a low 
percentage flour and a high percentage flour is the cellulose 
content. The grain, consisting of the germ, the endosperm 
or the kernel, and the bran, the outer envelope, consisting of 
cellulose and mineral salts, shows the following approximate 


proportions of the parts: 


ee 85 per cent. 


In milling, the process tends to grind out, as far as possible, 
the cellulose. The cellulose is the chief constituent which 
enters into the bulkiness of bread. 

Two factors largely determine the digestibility and absorp- 
tion of foods in the process of digestion: The first is the bulk ; 
the second is the cellulose content. The bulkiness of vegetable 
The digestive 
juices have difficulty in penetrating such a mass so that the 


food interferes with digestion in two ways. 


conversion of the constituents into products capable of absorp- 
tion is apt to be quite inefficiently carried out, and the large 
mass has a tendency to hasten the intestinal peristalsis, the 
contents of the gut are thus pushed forward too rapidly; and 
even were digestion more complete, the absorption could not 
keep pace with the food movement. In this connection it is 
interesting to note that the herbivorous animals have rela- 
tively much larger intestinal tracts than the carnivorous 
animals. Hausemann, working with the Russians, confirmed 
older data to the effect that the Russian had a longer intestine 
than most other of the Europeans, not in the sense of a race 
characteristic, but as an adaptation to the diet which was hard 
to digest, such a diet as the Russians live upon. 

The presence of cellulose is the second great factor in the 
retardation of digestion and absorption. In the case of meat, 
the nutritive constituents are held in tubes, composed of 
gelatin, which readily digest; in the case of vegetables, the 
starch is contained in cubical compartments with walls of 
cellulose. Cellulose is a carbohydrate, belongs to the class of 
polysaccharides, and is especially characterized by its extraordi- 
nary insolubility. From this it can be seen that the presence 
of cellulose influences digestion and absorption in several ways. 
It not only has little or no food value of itself, but it prevents 
the access of digestive juices to the mass of food in the stomach, 
and it prevents the juices penetrating to the individual starch 
cells. Further, by increasing the mass to such an extent it has 
a tendency to stimulate the intestinal movements and hasten 
the progress of the food. 
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Romberg has worked out the following table of composition 
and percentage loss in digestion of protein in four grades of 
rye flour. Grade No. 1 was made from the endosperm only, 
and was pure white; grades No. 2 and 3 had increasing quanti- 
ties of bran included; while grade No. 4 was made from the 
whole grain. 


Loss in Protein 

Proteincontent digestion absorbed 

Per cent Per cent Per cent 
7.43 22.00 5.80 
11.59 28.60 8.28 
17.28 30.50 12.01 

As far as the protein content is concerned, mixture No. 3 


is the most efficient as a human food. Unfortunately, the 
author does not state what percentage of milling each grade 
represents, but it is clear that the whole meal bread is not so 
good as the other grades.” 

It is evident that in the milling of flours there comes a 
point in the grinding out where the law of diminishing re- 
turns begins to play; that is, there is a percentage at which the 
milled flour is the most efficient food deliverer. That the 
flour must not be milled to too high a percentage is evident, 
for the great cellulose content will not only hamper the diges- 
tion of the protein, but will interfere with the digestion of the 
carbohydrate. In the case of the German flours during the 
war, especially when the one great problem of the diet was 
protein, the mistake of grinding out to 94 per cent is quite 
obvious. Not only was the bread actually less efficient as a 
food, but by milling to a lower percentage the bran would have 
heen used as fodder, thus putting it to a useful purpose instead 
of allowing humans to eat it with no good to them; rather it 
did actual harm, in that it caused, indirectly, a portion of the 
available protein to be lost. 

These facts were all well known to the German scientists; 
in fact, they advised that rye be ground out to 70 per cent 
only, but here again the authorities could not or would not 
follow the advice given. To have ground to 70 per cent instead 
of 94 per cent would have meant a loss of about 20 per cent of 
the bulk of the flour, and when it was a case of filling stomachs 
little attention could be paid to the quality. When one realizes 
that the Germans had been importing annually 2,263,654 tons 
of cereals, about 30 per cent of their total consumption, the 
necessity of increasing the quantity is apparent. Nor did the 
lowering of the quality of the flours stop at the milling process, 
often it contained a number of foreign substances, wood pulp, 
weed seeds, straw, ete. 

All this seriously affected the fodder situation, which in 
turn had a direct influence on the milk, meat, and fat supply. 
Attempts to increase production were not successful because 
labor was extremely scarce, fertilizers could not be had, and 
the number of animals for draught purposes, due to the 
shortage of fodder, was materially decreased. 

As already stated there was a great deal of dissatisfaction 
created throughout all Germany by the evident inequalities 


” Romberg: Arch. fiir Hygiene, 1897, XXVIII, 24. See also 
Table III. 
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and unfairness of the system of rationing. So there stand 
two clear issues in relation to the problem of bread: (1) Shall 
it be rationed, and (2) what percentage flour is the most 
efficient as human food? In this connection it is worth while 
to see what action was taken by the British. It must be borne 
in mind that the problems presented in England were of a 
different nature than those in Germany. Germany was forced 
to live upon what she could produce within her own borders 
plus the small amounts she could get from contiguous nations 
or occupied territories. England, on the other hand, had to 
depend to a large extent on the importation of food materials. 
Hence any form of control in Germany had to extend to the 
producer, and had a number of evils as well as a host of difficul- 
ties. For the state to pre-determine the time and amount 
which the farmer must deliver involves the risk of serious 
miscalculations and much irritating interference with the 
farmer’s operations. At the same time, the German system of 
paying a higher price for grain which was delivered in the 
later months ended in the grain being held for the advanced 
price. In either case the government had to deal with a large 
number of individuals, each one a producer. Just what would 
have been the effect of allowing bread to move freely without 
ticket is hard to guess. In England there never was a limit 
on the sale of bread. To rather encourage its sale the govern- 
ment bought large quantities of breadstuffs and put these on 
the market at low prices. Price and nutritional value con- 
sidered, bread is the cheapest food obtainable in normal times, 
and even when prices are advancing, bread still remains the 
cheapest food. This fact, and the fact that people will tend 
to eat more bread as prices rise is shown in the following: 

Peace time bread consumption. ..5% lbs. per capita per week. 

War time consumption...... 10 to 14 lbs. per capita per week. 

It will be seen that in pre-war days the workman, then able 
to fill in his ration with other types of food, ate only 5} pounds 
of bread per week, but when the prices began to rise these 
other foods, eggs, meat, cheese, etc., increased so rapidly in 
price that the poor had to depend more and more on bread, 
because it still remained the cheapest available food. 

But all of this Germany was unable to do. The reason is 
very clear, she did not have enough flour with which to make 
an unlimited supply of bread, consequently she had to resort 
to the very system she did. It is in fact more or less waste 
of time trying to compare the systems in force in the two 
countries, because the systems followed were the outgrowth of 
the conditions which existed, and the conditions were the 
result of a number of causes. 

In the past, the science of nutrition, in treating the subject 
of the body needs of the three classes of foodstuffs, has devoted 
a great deal of attention to the caloric needs of the body, to 
the minimum protein requirement, and over this very question 
of protein has been waged a merry war for years; but it took 
the war with its subsequent world food shortage to bring into 
prominence the question of fats. With an individual or a 


nation living on the average mixed diet there never is a 
question of protein minimum or maximum, unless it is purely 
In the case of the carbohydrate, it is well 


an academic one. 


known that a certain amount is necessary, sugar being the 
form in which the body finally deals with this food. If carbo- 
hydrates are lacking, then it is possible for the body to split 
off the oxy-fatty acids which result from the de-aminization 
of the amino acids of the protein. Data regarding the neces- 
sity of fats in the diet are not on record, or are very scanty. 
Generally, dieticians have assumed that fat and carbohydrate 
are isodynamically convertible; the fattening of stock from 
carbohydrate is well known. The isodynamy in the case of 
carbohydrate is very limited, probably the glycerin radical of 
the fat molecule offering the basis for carbohydrate synthesis. 

That the body needs protein and carbohydrate is known. Is 
there a similar limit in the case of fats? Inasmuch as the 
body has the power of converting sugar into fat the physiologi- 
cal needs of the cells for an outside supply of fat appears to 
be unproven, at least from the viewpoint of nutrition and 
chemistry. However, there are a number of other considera- 
tions to bear in mind. For the past three years the German 
nation has been on an exceedingly low fat diet, in some cases 
as little as 30 grams per week per person. The first demand 
made was for fats. If fats cannot be proven by science to be 
necessary, at least in the mind of the people fat holds a place 
of high esteem. There probably is some real reason back of, 
this craving for fats, more than the people themselves know. 
It is known that the fats are rather slowly digested. Further 
in the preparation of foods, fats play a large part in the 
palatability of the dish as it goes to the table. Food coated 
with hot fat is more palatable and therefore more satisfying, 
but the fat has another and a more important réle to play. 
The digestion of that food is retarded quite considerably, the 
sense of fullness remains much longer and hunger pangs are 
not so apt to develop. The Germans had for a long time been 
eating foods prepared without fats; as a consequence, the 
methods of preparation were very limited, and lacking the 
protective fat covering the food was rapidly digested with a 
consequent sense of hunger rapidly developing. In this case the 
fats were playing a double réle, physiological and psycho- 
logical. 

Then, too, there have developed certain diseases both in 
England and Germany, chief among which is a form of gen- 
eralized edema, more commonly called war edema. In Eng- 
land this disease followed closely on the development of a 
fat shortage and cases cleared up rapidly when fat in sufficient 
quantity was added to the diet. In Germany there was a great 
deal of the same disease and the same cures were noted. How- 
ever, the German medical men state that they found it was not 
necessary to give fats, but that any complete change of diet 
would clear up the edema. 

Living on such a diet as the Germans did for so long must 
have led in many cases to undue distention of the intestinal 
tract. The diet was extremely bulky in relation to its heat 
value. Perhaps the demand for fats comes from this fact as 
well as those just mentioned. Fat is the most concentrated 
food we have. It will yield 9.3 calories per gram as compared 
with protein or carbohydrate, both of which yield only 4.1 


calories per gram. The addition of a small amount of fat to 
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the diet would have added a large increase in caloric value 
with comparatively little bulk, which would have gone towards 
relieving the packing of the digestive tract with large amounts 
of highly indigestible foods. 

In the digestive tract the fats are less liable to fermenta- 
tion than the carbohydrates. The overloading of the intestines 
with carbohydrates will lead to meteorism, a complaint very 
common among the Germans, and will lead to more or less 
chronic forms of intestinal irritation. 

In general, then, we have three very good reasons for be- 
lieving that fats are really quite essential to proper nutrition: 
(1) They retard digestion and so ward off hunger pangs; (2) 
they are a highly concentrated form of food; and (3) they are 
less liable to cause meteorism in the process of digestion.” 

In summing up the entire situation it will be well to refer 
to certain memoranda and extracts from reports in order that 
the entire situation will be seen. On April 8, 1919, the writer 
prepared the following memorandum on the breakdown of the 
German food control: 


As compared with England, Germany had far the more difficult 
problem. In England, where most of the food was imported, a 
barrier at the dock was sufficient; while in Germany, with all 
imports cut off, it was necessary to control every individual pro- 
ducer. To do this successfully required the full and honest 
coéperation of every farmer. This the government had during the 
early days of the war, but later, as food shortages became more 
acute and prospects of a victory became more distant, the control 
of the farmer became less and less efficient. The lack of codpera- 
tion by the farmer was further augmented by the government’s 
policy of price fixing of foodstuffs, while the price of labor, 
machinery, animals, and fertilizers continued to soar. In addi- 
tion, taxes were greatly increased, war loans were being floated, 
of which the farmer was expected to bear his share. To meet this 
increased cost of living the farmer resorted to a number of illegal 
practices, chiefly “ Schleich-handel,”’ and as the practice spread 
the control became weaker and weaker until in the end probably 
the control covered as little as one-half the total production. 

Germany's attempt to ration the nation caused considerable 
trouble. It caused grave discrepancies in the food supplied. On 
paper, every man shared alike; in reality, certain people were 
much better off than others. In the first place, as pointed out by 
Rubner, it is impossible to arrange a system of rationing food 
which will meet every individual’s needs, assuming an unlimited 
supply. But, considering the situation in Germany, where the 
supply was distinctly limited, then a problem in rationing becomes 
extremely serious. Families with many children were better off 
than families with no children; hospitals, prisons, and asylums 
fared badly. Every consideration was given to the war industry 
worker, while the hard mental worker suffered. No consideration 
was given to the dietetic habits of various portions of the Empire, 
no consideration was given to the relative needs of city and 
country. In the case of the city and country it must be borne in 
mind that the urban population in Germany was, relatively speak- 
ing, a meat-eating population, while the rural population subsisted 
largely on vegetables and bread. When the one level ration went 
into effect it resulted in a relative increase in the rural diet, 
whereby the farmer was able to obtain more meat than in peace 
times, but he obtained this meat at the expense of the city dweller. 
And due to the fact that the farmer was the producer of grains, he 
was able to maintain his former standards of living regarding 
bread and vegetables. So, as regards city and country, the country 

“Starling: The Significance of Fats in the Diet. Brit. Med. 
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had every advantage at the expense of the city, from a dietetic 
standpoint, while the city had ail the advantage from a financial 
standpoint. “ Schleich-handel” was the great adjuster between 
these conditions. The fact that health conditions, changes for the 
worse, are more in evidence in the cities lies at least partly in this 
situation. The situation in Germany has again proven the truth 
of an old statement regarding the feeding of a nation, that any 
attempt to control the diet of a large group of people would always 
be a failure. 

The German scienist feels, and not without cause, that had the 
government heeded the advice offered, the food problem would 
never have become acute in Germany. The advice given by an 
expert, on any subject, supposes always, that there is an adequate 
organization for putting the advice into operation. The fact that 
the organization, the German Government, was in a process of 
disintegration must never be lost sight of; and on the other hand, 
had a more intelligent food program been instituted doubtless the 
government could have lasted longer. At the very outset the gov- 
ernment paved the way for trouble with the farmer by fixing prices 
for farm produce, and at the same time allowing labor and material 
to increase. If the law of supply and demand is to operate for 
one commodity it must operate for all. Nor did the matter of 
price fixing pass without serious objection in Germany. 

In a rather broad way the German Government was advised to 
reduce stock to a livable minimum, thereby freeing a great deal of 
grain for human consumption, and at the same time have the 
population draw a larger percentage of nitrogen requirements from 
grain and vegetables. The scientist pointed out that 100 pounds 
of protein from grain passing through a hog or a steer would only 
deliver 20 to 23 pounds of protein in the form of meat. The scien- 
tist proposed to reduce the animals and free the vegetable protein 
for humans. If this were accomplished there would be less stock 
to feed with the result that it would not be necessary to grind 
out meals to a percentage where they would be inefficient as foods, 
and the discarded bran would be ample for the stock The govern- 
ment, instead of following this rather broad program regarding 
grain, began by grinding out to 95 per cent, thereby at once 
reducing the available stock food, which resulted in a great 
slaughtering, an ample supply of meat for a short time but, in 
a long run, a meat shortage, undernourished work stock, and 
poor bread for the people. Instead of making the reduction 
artificially and gradually, thus allowing for proper care and 
storage of the meat against future needs, the nation glutted 
to-day and starved tomorrow. They point out that the stock 
was reduced, to which the scientist replies that it was not done 
scientifically. 

The seemingly vacillating attitude of the government can be 
partly explained by the almost hysterical belief that the war was 
going to be short and decisive. By the time the government 
officials realized that a long war was ahead the food situation had 
been so permanently damaged by bad management that it was 
almost hopeless. 

The fact that the hogs in Germany were reduced from 26 millions 
in 1914 to 8 millions at the present is of little value in proving the 
efficiency of the food control, when one realizes that this reduc- 
tion was not done in any thought out attempt to increase food for 
humans, but was simply the result of a real food shortage. Had 
the reduction been made immediately, and the meat preserved, 
Germany would have found herself with more protein in the form 
of meat and vegetables and more calories. As it was, hogs were 
fed good human food far past the point of efficiency, and then 
slaughtered when there was nothing more for them to eat. 

The scientists advised a rather flexible type of rationing, realiz- 
ing full well the difficulties which a hard and fast régime presented 
from a dietetic standpoint. Opposed to this was the government 
policy which proposed an equal distribution with no regard for 
the justice of the same. To determine a just distribution based on 


Maren, 1920] 
sound dietetic principles was an almost impossible task, so the 
government took the easier if less efficient method. Rubner in 
1917 advised a return to the normal method of allowing each 
person to determine his own ration. But the practical problems 
connected with Rubner’s proposal were too complicated. 

Many instances of clash of the scientific advisors and govern- 
ment administrators are obtainable. In each case the scientist 
prophesied unerringly the outcome unless his advice were taken 
and followed; on the other hand, the practical difficulties of meet- 
ing the advice offered were nearly insurmountable. 


On February 15, 1919, the writer made the following report 
to the Supreme Economie Council in Paris in connection with 
the food situation and its development. This report, together 
with the charts, will show something of the events which led 
up to the final days of the war. 


The German farmer bore the brunt of the war. His labor was 
taken for the army and the associated war industries, his animals 
were taken for military purposes, the prices he could receive for 
the staples were fixed at a not too high level, he was cut off from 
an adequate supply of fertilizer, he was given the task of feeding 
a greatly enlarged non-producing population; all this the farmer 
was expected to do and in addition he must, successfully to accom- 
plish his task, overcome the annual German shortage of food, the 
10 per cent which Germany in peace times had always found it 
necessary to import. At the very outset the food producers were 
under a heavy handicap. (See Chart I.) 

Jermany faced one of two alternatives, either to reduce the 
national food consumption or to increase the national production. 
Eventually she did the latter, though not until she had tried every 
possible way to get more food. There is no doubt but that the 
10 per cent imported food was a luxus consumption, the average 
German was overweight and overfed and would have lived better 
and longer had he eaten less; but the German was a “ good feeder,” 
so it is not surprising to find that his first efforts looking to a 
solution of the food problem should be along the line of increased 
production, leaving the matter of decreased consumption to take 
care of itself, as it eventually has. 

With this end in view the farmer was urged to increase his 
acreage, to make every effort to increase the yield, appeals being 
made to him along the lines of patriotism and duty. These did 
very well during the first enthusiastic days of the war. Eventually 
the government placed money premiums on increased plantings, 40 
marks per hectare in the case of potatoes, and in addition offered 
large prizes to the Kreis showing the greatest relative increase. 
These efforts had their effects, naturally, and the acreage was 
increased, though, as a rule, the total yield was decreased, and 
every increase in acreage was made at the expense of some other 
necessary food product. 

The course of events which took place rather followed the follow- 
ing lines: The British blockade, by cutting off importations to 
Germany, made an increased production imperative. To accom- 
plish this end there resulted a general increased acreage, but 
owing to the fact that there was a labor shortage (men had gone 
to the army and war industries), an animal shortage (horses were 
taken for military use), and a fertilizer shortage (no guano could 
be imported and the lack of animals cut down the supply of 
manure), this increased acreage finally resulted in an actual 
decreased production, not only of food for humans, but of food for 
the stock as well. To overcome the shortage of grains and supply 
more bread the flour for baking was milled to 94 per cent; these 
high percentage flours cut off a great amount of bran which meant 
less stock food. The shortage of stock food led to undernourish- 
ment of the cattle, which was felt particularly in the milk and 
butter production as well as in the lowered meat supply. The 
latter was not so seriously felt, due to the fact that when there 
was a threatened fodder shortage the stock was killed to save it. 
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In this way the German hog supply was reduced from 26 millions 
in 1914 to less than 8 millions at present. Eventually this exces- 
sive slaughtering was felt in a greatly reduced meat supply, not 
only of pork, but of beef as well. 

Thus there was set up in Germany a vicious circle of events, and 
any measures taken to relieve the pinch in one direction always 
caused an increased pressure in some other. It was a case of 
trying to overcome the 10 per cent handicap under which Germany 
was working, and due to the effectiveness of the British blockade 
this was impossible. Follow to its ultimate end any one of the 
problems which Germany faced in trying to solve her nutritional 
puzzle during the war and the trail will in the end lead to the 
blockade. All the juggling of food materials in Germany could 
not increase the total supply in the least, and as this supply 
annually became less and less, the pinch of hunger became more 
and more serious. 

To show just how this correlation of activities worked out ané 
to show statistically how pressure in one quarter caused serious 
results in another, three charts, V, VI, and VII, have been pre- 
pared. V shows graphically what was accomplished in a repre- 
sentative Kreis in the way of increased production. (Kreis Mayen 
is one of the most productive districts in Germany and figures 
from Mayen may be taken as a fair index to all agricultural Ger- 
many.) A study of this graph will show that, the importance of 
wheat and potatoes being realized, the total acreage planted to 
these foods was increased at the expense of barley and rye. In 
every case there is a decrease in the per hectare production due 
to the reasons already outlined. Only in the case of wheat is the 
total production increased, rye and barley with decreased acreage 
and decreased unit production show a decided total loss, while in 
the case of potatoes the increased acreage was not enough to over- 
come the loss per unit with a resulting decrease in total production. 

The results of the decreased production of grains and potatoes 
are shown in Charts VI and VII. Chart VI details what happened 
to the cattle and the dairy products. The actual loss in the num- 
ber of cattle was not as great as might have been expected, a loss 
of 20.5 per cent. This loss was greatest in the case of young stock, 
the milk cattle suffered a loss of 8.8 per cent, while the oxen, 
because of their great value as substitutes for horses, show a loss 
of only 2.8 per cent. From this it will be seen that the younger 
stock went, for the most part, to make up the meat supply of the 
country, this fact, together with the undernourished condition, 
accounting for the 30.5 per cent loss of dressed weight of carcasses. 
To-day the herds of Germany are for the most part composed of 
the older cattle. In the case of dairy products the undernourish- 
ment of the milch cows is strikingly shown by the large reduction 
in milk which amounts to 55 per cent. Considering that there has 
been only an 8 per cent reduction in the number of milch cows, 
this figure is enormous. Not only was the milk actually reduced 
ir quantity, but it has suffered a decided lowering in quality, 
shown by the fact that in 1914 100 liters would produce 7.1 pounds 
of butter, while in 1918 100 liters would produce 6.2 pounds, a 
decrease of 12.7 per cent. A milch cow then, has lost 60 per cent 
of her 1914 efficiency. From this it can be seen that the crop 
shortages quite decidedly affected the stock situation, causing « 
reduction in the meat supply and a lowering in both the quantity 
and quality of the milk supply. 

The final effects of the facts brought out in Charts V and VI are 
shown in Chart VII. At this point the population or the consumer 
is involved. There is a great reduction in the number of calories 
of food available; in 1913 the German consumed about 3000 C. 
daily which in 1918 had dropped to between 1200 and 1400 daily, 
depending on the locality. The daily milk supply of the city of 
Coblenz fell from 22,000 liters in 1913 to 3000 liters in January, 
1919. The fat supply in the same place was reduced from 300 
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grams per capita per week in 1913 to 30 grams per capita per week 
in 1919. Meat, which had been furnished at the rate of 140 grams 
per person per day in peace times, was reduced to the low figure 
of 20 grams in 1919. Bread and potatoes both suffered a 50 per 
cent reduction, and in the case of bread the quality fell as much. 

By following through the rather involved and ramified activities 
of the Germans in their attempts to overcome the 10 per cent 
handicap in food supplies and to feed the vast number of non- 
producers connected with the war machine, it becomes increas- 
ingly clear that the greatest barrier betwen the German people 
and an adequate food supply was the British fleet. 

The failure to increase production is the main part of the story, 
though by no means all of it, the problems of control and distribu- 
tion being also of great importance. Dr. Neumann, of the Uni- 
versity of Bonn, after a careful study of the whole question states 
that in his opinion if there had been complete control of food 
supplies in Germany the population would have been one-third 
better fed. During the early days of the war the great patriotism 
of the people together with the popularity of the war made control 
rather easy. As the war wore on and food became scarcer and 
scarcer the farmer gave up his excess less and less willingly, espe- 
cially when he found that he could sell illegally at very high 
prices. There were many ways to evade the law, and no doubt 
all were used. Long after it had been officially announced that 
certain foods were off the market or the supply exhausted one 
could still obtain them provided adequate payment was made. 
This fact made it possible for the well-to-do to have ample supplies 
most of the time. Further studies into this matter of control 
made it quite evident that the government did not control the 
food as far as would appear on first examination. Towards the end 
of the war, when there was nothing but defeat staring Germany in 
the face, the Reichs government became very weak, and the 
farmer who had borne the burden of the fight grew less and less 
tractable, giving smaller and smaller amounts of fvod. 

For the first time in history the world at large faces a uni- 
versal food shortage. Heretofore scarcity of food has been 
only local, the famines of India and Ireland being well-known 
examples, and in these cases it was always possible for other 
countries to get food to the lands of shortage. To-day there 
seems reason to believe that in the whole world there is not 
all the food which could be consumed by all the people. The 
war, with its numberless ramifications, especially its connec- 
tion with the food question, has driven into the public mind 
the fact that after all there is something to be learned about 
mass feeding, or public rationing. There seems little doubt 
that a hew type of work is going to be developed, food control. 
It is well to make clear that there are real differences between 
food contro] and rationing. Food control can be a success, 
mass rationing will always be a failure. By food control, as 
the term is now used, is meant a control of those activities 
which tend to dissipate the energy contained in food and a 
more complete conservation of the same. Broadly speaking, 
any activity which tends to raise the price of any article of 
food above its normal level tends to destroy the usefulness of 
the food and in that way works against the greatest public 
good. Under this type of activity we can class such things as 
useless transportation, too many middlemen, or withholding 
foods from the market in order to maintain a price. Inasmuch 
as such procedures tend to keep the food out of the hands of 
the consumer they work against fullest conservation of national 
resources. Along the lines of positive control there is a great 
deal of work to be done on the stock question, the relationship 
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which must exist between the number of people and the amount 
of livestock to be maintained. This problem alone played a 
quite important part in the German food question all during 
the war. Then the control of live stock is intimately wrapped 
up with the question of the milling of flours, the choice of 
grains to be milled, the percentage to which they shall be made 
of the millings. 

All these are new problems, problems which must be studied 
and worked over for years to come. It will need the combined 
work of the nutritional expert, the economist, the railroad 
man, the politician, the psychologist, and the housewife to 
ever reach any satisfactory working basis; more than that, it 
will have to meet with the approval of the people. But such 
steps must in no wise tend to hinder the people from choosing 
and buying what they wish when they wish it. The average 
person is by far the best judge of his own nutritional needs; 
the proof lies in the fact that the race continues to live and 
live a normal, healthy life. Any person or group of persons 
which attempts to set down a hard and fast ration for the 
masses will soon find a sick, discontented nation of people. 

From a study of the feeding problem it would appear that 
the real question of calculating scientifically, according to the 
best findings of physiology and nutrition, the exact needs of 
the average man is rather simple, and can be done with the 
accuracy of any mathematical problem. But no mere scientist 
can possibly take into account in such calculations the personal 
likes and dislikes of each individual, the racial dietetic habits, 
the sectional dietetic habits, the climatic dietetic demands, the 
thousand and one daily variations in the psychical make-up 
of each individual, and to make a ration satisfactory all these 
things must be considered. To ration a race we must assume 
the infinite amount of work which each person is capable of 
doing much more efficiently and satisfactorily for himself. 
Germany tried it and failed, England contented herself with 
control and succeeded. 

We can draw some very important conclusions from the ex- 
periences of England and Germany in relation to this problem 
of mass feeding under conditions of famine, blockade, or siege. 

1. Food control, i. e., food conservation must be practiced 
by every person. 

2. Live stock must be reduced to a level compatible with the 
grain supply. 

3. The people must subsist on a larger percentage of vege- 
table products, increasing the amount of land used for such 
crops as rapidly as such land is freed from the support of live 
stock. 

1. Bread will form the staple of diet, so the milling of the 
flour must be carried out in the most efficient manner, taking 
into consideration the actual nutriment to be given to humans 
and to stock. 

5. Rationing must be limited to those articles which are 
luxuries ; necessities, 1, ¢., bread, meat, potatoes, ete., must be 
permitted to circulate freely. (In case of actual siege or 
practically closed blockade it may become necessary to enforce 
stringent rationing.) 

6. The psychological aspects must never be overlooked. 
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PATHOLOGICAL CHANGES IN THE GASTEROPOD LIVER PRODUCED 
BY FLUKE INFECTION 


By Dr. Ernest Faust 


Department of Pathology, Peking Union Medical College, Peking, China 


(From the Zoological Laboratory of the University of Illinois and from the Department of Pathology, Peking Union Medical College.) 


Because of the significant contributions that have been made 
to normal metabolism by a study of pathological conditions, 
the writer has been prompted to make a study of the liver of 
certain gasteropod species commonly infected with larval 
flukes, with the view of discovering the normal metabolic proc- 
esses of the host, the changes occasioned by the parasitism, 
and the application of these data to comparative pathology. 

The data on histological pathology of animals induced 
by helminth parasitization are indeed meager. 'Text-books on 
pathology make little or no mention of the gross lesions and 
symptomatology and give nothing at all on the more detailed 
pathological pictures of such lesions, because so little first-hand 
investigation of the subject has been made. This is especially 
true of diseases of the hepatic organ caused by helminth para- 
sites, the significance of which is little understood. Since 
the properties of secretion, absorption and excretion are com- 
mon to the hepatic gland of the snail and the vertebrate, a 
study of the infected liver of the snail justifies itself as one 
of comparative pathology which is readily interpreted in terms 


of vertebrate pathology. 


The material on which this study is based consists of many 
thousand sections of water pulmonates from all over the 
United States, from South America (Planorbis quadelupen- 
sis), and from South Africa (Physopsis africana). In addi- 
tion, living Planorbis trivolvis and Physa sp. have been used 
in microchemical tests and analyses. Many of the specimens 
from which sections have been prepared have been fixed in 
corrosive-acetic or corrosive-nitric mixtures, but some have 
been killed in corrosive sublimate alone and others, as a check, 
in formol-alcohol. Sections have been uniformly cut 8 « thick 
and stained in Delafield’s hematoxylin with eosin counterstain. 
To some of these sections Best’s potassium-ammonium-carmin 
stain has been added to check the iodin tests for glycogen. 


Tue NormMat Gasterovop LIVER 


The gross structure of the gasteropod liver was worked out 
by Swammerdam (1737), who described and correctly figured 
the main features of the organ. Later workers have not 
materially altered this classical description. No attempts at 
a detailed histological study of the mollusk liver were made 
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until the middle of the nineteenth century, when Leydig 
(1850) published his monograph on Paludina vivipara. Since 
that time numerous students of histology and physiology have 
published their researches, which, on the whole, are decidedly 
conflicting and contradictory. 

The liver of the gasteropod consists of racemose tubules 
which arise from two embryological outpocketings from the 
mid-intestine. The tubules are lined with glandular epithe- 
lium and are bound together by a meshwork of interstitial 
cells in which are found branches of the hepatic artery, blood 
lacune, bile-ducts and numerous nerve endings. The whole 
gland is enclosed in an epithelial sac, the tunica propria. 
Although the cells of the tubules and their respective func- 
tions have been the subject of intensive analysis, little atten- 
tion has been paid to the intimate structure of the intertubular 
portions of the organ and their relations to the tubules. 

Some investigators have found as many as four kinds of 
epithelial cells opening into the lumen of the tubule, but most 
workers have described three. Barfurth (1883) has designated 
these as ferment cells, liver cells and lime cells. The ferment 
cells of Barfurth are referred to by Biedermann and Moritz 
(1899) as secretion cells and the liver cells as resorption cells. 
Frenzel (1884) has attacked Barfurth’s theory that the lime 
cells contain tri-calcium phosphate granules. Although Bar- 
furth’s proof is certainly open to question, Frenzel’s critique 
is unconvincing. 

The data justify the belief that the epithelial cells of the 
tubule act as a digestive organ in the secretion of diastatic and 
peptic ferments, that they are the mediary absorptive organ 
for glycogen, fats and peptones, and that they function in the 
excretion of certain types of wastes. 

Contrary to the view of the European workers, who have 
recognized at least three types of cells in the epithelium of 
the tubule, the writer is obliged to conclude that there are, 
from a purely cytological standpoint, only two kinds, the 
rhomboidal or tetragonal cells with large spherical nuclei (the 
lime cells of Barfurth), and the more common kind, irregu- 
larly palisade in character, with small oval nuclei, comprising 
both the ferment and the liver cells of Barfurth. 

The “ Lime Cell.”—Barfurth (1883: 500) states that the 
water snails differ from the land species in that the “ lime 
cells” are entirely lacking in the former and are always 
present in the latter. Despite this statement the writer 
has consistently found the type of cell in which Barfurth 
claims that tri-calcium phosphate crystals are stored up, in all 
normal liver tissues of Planorbis trivolvis, P. guadelupensis, 
Physa gyrina, Physa sp., Lymnea proxima, Goniobasis carini- 
fera, and Physopsis africana (see Fig. 1). The make-up of, 
this cell is not essentially different from the “lime cell” of 
Helix pomatia figured by Schneider (1902: 570, Fig. 477). 
In normal uninfected tissues it is roughly rhomboidal in 
shape and is situated basally, seldom opening into the lumen 
of the tubule. The nucleus is usually spheroidal with many 
distinct chromidial granules and a large karyosome. At times 
the outline of the nucleus becomes irregular, suggesting a 
polymorphonuclear condition. The cytoplasm is decidedly 
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reticular, with large opalescent spheroidal or ovoidal granules 
entirely filling the interstices between the threads of the reticu- 
lum. These are the granules which Barfurth has claimed 
for land pulmonates to be the tri-calcium phosphate deposits. 
Evidence in support of Barfurth’s thesis is decidedly lacking. 
Provided the investigator was able to get a test for both phos- 
phorus and calcium and to isolate tri-calcium phosphate from 
the tissues, even then the circumstantial evidence constitutes 
no proof that these elements exist as this salt in the so-called 
“lime cells.” Moreover, the fact that these cells have been 
found in every normal tissue of water pulmonates examined by 
the writer, together with Barfurth’s statement that tri-calcium 
phosphate does not occur in water pulmonates, constitutes 
strong evidence against Barfurth’s theory. Furthermore, these 
deposits in the “lime cells” are not crystalline, as demon- 
strated by the petrographic microscope, and, while tri-calcium 
phosphate may exist as a colloid, the behavior of these granules 
in pathological cells favors the view that they are not lime 
cells. It is quite possible, as Frenzel suggested (1884: 326), 
that they may be phosphoproteins, but their reactions to dyes 
suggests a relationship to basic proteins. It is certain that 
these cells serve a very specialized function in storing up food 
masses, 

Ferment and Liver Cells.—These cells have been described 
as distinct types by certain authors. The ferment cells are 
believed to be unique in the secretion of enzymes which aid in 
digestion, whereas the liver cells are those in which storage 
of reserve food takes place. In addition, excretory functions 
have been assigned to each of these types. Cytologically the 
writer is able to recognize only one type; physiologically he 
is able to find many kinds of types which grade into each other 
almost imperceptibly. The single type of cell, which appears 
to contain within itself the properties of digestion, absorption 
and secretion, is palisade in structure, with an oval nucleus in 
the basal third and an elongate distal end which extends to the 
opening of the tubule (Fig. 1). In the region of the liver 
tubule the ends of these cells are protected by a pseudo-cuticula 
which stains as a mucoid. The changes which have been de- 
scribed and which have given rise to the differentiation of 
ferment and liver cells are those induced by: (1) The prepara- 
tion and secretion of digestive enzymes; (2) the taking in by 
absorption of carbohydrate (stored as glycogen), fats and pro- 
teins; and (3) by the elimination of wastes of an excretory 
nature. In view of the fact that this type of cell is comparable 
in part to the vertebrate liver cell, the term liver cell should 
be preserved and used for both liver and ferment cells of 
authors. 

During a period of feeding the liver cells are rich in glycogen 
and fat inclusions and may also test for proteins foreign to 
the protoplasm. During hibernation and enforced starvation 
these food products for the most part disappear and frequently 
large vacuoles appear in the cytoplasm. Likewise, during 
hibernation and at other times when the respiration is low, 
excretory granules accumulate in the vacuoles. Under condi- 
tions of optimal metabolism these granules are found singly 
or at most in small aggregates. 
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Macroscopic APPEARANCE OF INFECTED SNAILS 


In order to examine a snail for parasites the apex of the 
spire is carefully removed, exposing the tip of the liver. The 
entire animal is then removed through the artificial opening. 
Normal liver tissue has a characteristic brownish-yellow ap- 
pearance, differing considerably in the exact shade at various 
times according to the kind of food consumed. In Planorbis 
the tunica propria is fairly well separated from the liver tissues 
proper. In some other species it is thin and closely applied 
to the tubules, so that their outline is readily made out from 
gross inspection. But infected material, especially if the infec- 
tion is heavy, may usually be detected by the removal of the 
shell. The liver portion is puffed out and, if the infection is 
severe and of long duration, frequently tubercular in appear- 
ance. In Planorbis the red of the blood has been lost and, in 
its place, in the case of infection with several kinds of flukes, 
a reddish-brown or yellowish-brown pigment is found in the 
tissues of the parasite. The pigment suggests a process simi- 
lar to the production of bile pigment from the hemoglobin of 
the vertebrate red blood corpuscles. In many species of invad- 
ing parasites (monostomes, amphistomes, eye-spotted dis- 
tomes) the melanin pigment of the parasite shows through 
the tunica propria of the host. In other cases the definite 
outlines of the parasite spore-sacs are seen through the epi- 
thelium. Usually under these conditions the host tissue looks 
a sickly yellow. A very delicate prick with the needle pro- 
duces a lesion in the tissues through which in heavy infections 
the parasites pour forth in large numbers. 


AND Route OF INFECTION 


The animal at the time of immigrating into the mollusk 
(the miracidium stage) and at the time of emigrating (the 
cercaria stage) has spines for mechanically piercing the host 
tissues and a secretion is poured forth that digests away the 
cells of the snail that lie in the path of the parasite. These 
organs are substantially aided by the muscular equipment of 
the fluke, and especially in the case of the cercaria by the 
acetabular suctorial apparatus. 

Authors state that the miracidium wanders into the host 
and changes into a sporocyst. Leuckart (1901: 263-265) has 
seen the miracidia of Fasciola hepatica swarm around Lymnea 
trunculatas soon after the two species had been placed in the 
same aquarium. While some clung to the muscle of the foot 
and others to the mantle fold, still others worked their way up 
the breathing pore into the lung. The writer’s findings are 
thoroughly in accord with Leuckart’s further suggestion that 
the invaders follow the course of the blood and finally lodge 
in the liver tissues. Evidence that the invasion is through the 
blood and lymph channels and not through the lumina of the 
liver tubules is twofold: (1) The parasites are always found 
in the connective tissues and the interstices between tubules, 
while the portions of the epithelial cells bordering on the 
lumina are always intact except in the most necrotic tissues. 
(2) The food which the parthenita takes in first of all is from 
the lymph. This accounts for the pigment so frequently seen 
in the body of the sporocyst and the gut of the redia. This 


method of invasion is different from that of the liver fluke 
as it enters the definitive host, in which case the actual transfer 
to the digestive tract of the sheep is passive and the passage 
is by way of the bile-duct. But it does conform to the general 
method and route of the blood flukes, which do not encyst but 
bore their way through the skin into the lymph sinuses and 
finally secure a circulation in the blood. 


PaTHOLOGY OF INFECTED Liver CELLS 


As soon as the miracidium secures a lodgment in the tissues 
of the mollusk an irritation is set up, as is evidenced by the 
nervous movement of the mollusk. Certain larve which bore 
into the resistant muscles of the foot soon become tightly. 
lodged there and never reach a breeding place. Those which 
get into the blood stream are at most only slightly injurious 
to the host until they reach the liver sinuses. Lodgment here 
places the flukes in the direct course of food distribution and, 
with the metamorphosis into the sporocyst, growth begins. 
Germ balls arising parthenogenetically increase the bulk 
(Fig. 2). When a second parthenitic generation is producing 
cercariz the bulk of the parasites has been increased enor- 
mously over the original microscopic size. Indeed, a heavily 
infected snail may contain a far greater amount of parasites 
than its own net size or weight. Aside from the energy re- 
quired to carry it about, the pressure on the tubules is such 
that the lumina are almost completely closed and consequently 
the food supply is lessened. When this means of relieving 
pressure is used to its utmost the tunica is tightly stretched. 
Under such circumstances the least prick of a needle causes a 
rupture, through which lymph and parasites a:e squirted out. 
Such a direct mechanical burden is distinctly dangerous to the 
infected host, but this burden is augmented by the food ration 
demanded from the host in increasing amounts as the parasite 
develops. 

Rapid increase in number and size of the individuals of the 
brood developing in the parthenite depends primarily on the 
available food. This must be furnished by the host. The 
location of the parasite in the blood sinuses of the liver or, as 
in the case of some fluke parasites, in the gills, intercepts the 
food supply of the host in transit to the organs. Micro- 
chemical evidence supports the view that most of these food- 
stuffs are requisitioned vy the very young germ balls, in which 
a large amount of glycogen, fats and undigested proteins are 
found. In case of the close apposition of the fluke to the 
epithelium of the host (Fig. 3), these materials pass through 
from host to parasite without ever reaching the blood. 

This heavy drain on the food supply of the host is easily 
demonstrated. Under normal feeding conditions snails which 
are not infected give a heavy test for glycogen, fats and pro- 
teins throughout all of the cells of the epithelium of the 
tubules. Most of the glycogen and fats are in the liver cells, 
while the protein storage cells give a heavy test for protein 
materials. On the other hand, heavily infected tissues give 
at most only a very scanty test for foodstuffs in the epithelium, 
a fairly heavy test in the intertubular sinuses, and a decidedly 
heavy test in the parasites. That the parasite makes direct use 
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of these foods is thus proved, but whether the several enzymes 
which are required for absorption and assimilation are local- 
ized in certain cells or are the general property of all the cells 
remains to be actually demonstrated. 

When the supply of available foods has been exhausted the 
parasite has usually reached a state of development where 
motile cercarie are present. These, by their continued jerking 
back and forth free themselves from the parthenita. In prac- 
tically all species glands are present which help to digest the 
cells of the host. In this they are usually aided by powerful 
acetabula by which attachment to a particular group of cells 
is effected and the digestive processes thus accelerated. First 
the connective tissue cells of the sinuses are broken down and 
It appears, however, that the nuclei 
Then the epithelial cells of the 
By this time, 


the cytoplasm utilized. 
are more difficult to digest. 
tubules are subjected to the cytolytic action. 
however, other more truly pathological conditions have de- 
veloped, due to the excretory wastes of the parasites which 
have accumulated in the host tissues. 

Excretions—The normal excretory process in the liver cells 
is effected directly by the formation of vacuoles within the 
cytoplasm of the epithelial cells and their extrusion into the 
lumina of the tubules. At times small concretions of protein 
katabolism are found within these vacuoles. The content of 
the vacuoles, whether fluid or solid, is eosinophilic, and the 
cytoplasm immediately around these vacuoles frequently tests 
acid. Thus it is seen that the route of excretion in the imme- 
diate vicinity of the liver cells is just the reverse of that of 
digested food. 

The effect of the parasite on the excretory process of the 
mollusk is twofold. 
parasite’s excretory wastes and by the various pathological 


The host is required to dispose of the 


processes initiated within the host tissues increasing amounts 
of its own nitrogen and other decomposition products must be 
disposed of. Part of the wastes from the parasite goes into 
solution in the lymph and is passed on to the kidneys, but a 
large group of developing flukes in a blood sinus soon come 
to form an obstruction which produces a stasis sufficient to 
cause an accumulation of waste products at that particular 


focus. The amount of this wastage from the parasite is very 
great. In hibernating conditions (encysted) the fluke may 


accumulate an amount of excretory wastes several times the 
size of its own body. 

The greatest harm results, however, from the cytolytic and 
cytotoxic effect of these parasite wastes on the host. While 
certain harmful effects obtain from the mechanical burden 
of the fluke and from its consumption of food intended for 
the tissues of the snail, the pathological picture is much more 
intensified by the direct effect of the secretions and excretions 
of the parasite. The normal reaction of the epithelial tissues 
of the liver is alkaline, although the presence of excretory 
materials may cause an acid reaction in the immediate vicinity 
of such wastes. But the parasite, when once thoroughly estab- 
lished in the blood sinuses, tends to produce an acid reaction 
throughout the entire tissue. It is important to note, however, 
that the snail is able to a marked degree to counteract this 
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acidity by rapidly filtering the wastes through the epithelium 
into the lumen. This tends to preserve an alkaline condition 
at the base of the cells nearest the point of attack of the 
parasite, while the free ends of the cells are usually quite acid. 

The first reaction of either type of epithelial cell to the 
abnormal products caused by the parasite is to work these out 
of the cytoplasm into vacuoles which are forced toward the 
free end of the cell and extruded into the lumen (Figs. 2, 5, 
6,7). But the ability to make this adjustment is limited, and 
failing to eliminate the poisons forced into the system, the 


TExT Fic. 2. TExT Fig. 4. 


Text Fic. 1—* Lime” cell of Pl. trivolvis with large excretory 
vacuoles and concretions resulting from infection with C. convo- 
luta. (X 1080.) 

TExT Fic. 2.—Polymorphonuclear “lime” cell of Pl. trivolvis 
extruding chromidia through cell wall into lumen of tubule; infee- 
tion as in Text Fig. 1. (xX 1080.) 

Text Fic. 3.—Liver cells of Pl. trivolvis, showing large number 
of excretory vacuoles and granules due to infection with C. acan- 
thostoma. (xX 1462.) 

Text Fic. 4.—‘“ Lime” cells of liver of Planorbis trivolvis, 
showing multipolar spindle due to tissue infection with Cercaria 
convoluta. (xX 1080.) 
host cells are subject to characteristic lytic changes. Previous 
to this time the glycogen and fats which had been absorbed 
by the liver cells have passed through into the blood sinuses 
and thence into the developing flukes. But the parasites seem 
to be unable to utilize the protein particles stored up in the 
“lime ” cells and these begin to degenerate. They accumulate 
in dense agglomerates between the nucleus and the free end 
of the cell (Fig. 5, Text Fig. 1), taking on a dense basophilic 
stain. ‘Their reaction is suggestive of a complex mucoid. 
Little by little these dense agglomerates become worn away 
and finally dispersed throughout the cell. Closely associated 
with this type of katabolism is the breaking down and extru- 
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sion of chromidia from the nucleus and cytoplasm (Fig. 6, 
These trophic granules have probably played 
They are 


Text Fig. 2). 
an important part in the anabolism of the cells. 
normally distributed throughout the liver cells, but are espe- 
cially numerous in the region of the food particles. They 
mav be precipitately extruded from the cell (Text Fig. 2), 
or, like the protein food agglomerates, may degenerate into 
eosinophilic particles and add to the excretory wastes (Text 
Fig. 3). 

A further pathological change in the nuclei of the protein 
cells is the formation of multipolar spindles (Text Fig. 4). 
Karyokinesis is not common in adult snail liver tissues but 
may be found. In pathological tissues such as these, normal 
mitoses are all but wanting, while abnormal divisions are 
Figures with three or four trophic centers are the 
most common. Amitotic division has not been seen. 

All of these processes, which have mainly involved the more 
striking types of katabolism within the infected tissues, are 
accompanied by a degeneration of the cell walls, especially at 
the free end of the cells (Fig. 7), where the greatest concen- 
However, it is an astonishing 


common. 


tration of toxic products occurs. 
fact that snails, in which cytolytic changes have become very 
pronounced, are still able to feed and to carry on the digestive 
processes, although necessarily imperfectly. 

It seems probable that the fluke cannot continue its exist- 
ence indefinitely by parthenogenetic propagation, even when 
the circumstances are unfavorable for its migration or trans- 
ference to another host. Under these circumstances the 
parthenita degenerates and the cercaria either encysts or works 
its way out of the snail. If encystment is to occur, the tail of 
the cercaria is thrown off and a cyst capsule is formed around 
This ameliorates the conditions of the host and 
A hypertrophy of interstitial cells 


the worm. 
a readjustment is effected. 
results around the cysts. Thus fibromata are formed in which 
melanin granules are frequently laid down (Fig. 4). This 
is the only way by which the snail is known to occlude foreign 
bodies. No calcification has been found in these fibromata. 
Meanwhile, the epithelial tissues are recuperated by rapid 
multipolar divisions of liver and “lime” cells basally and a 
sloughing off of the necrotic tissues into the lumen. 

Among the secondary effects of the disease of the liver 
tissues brought about by these pathogenic organisms is the 
inability of the host to prevent such undigested food and feces 
as normally pass down the main digestive tract from entering 
the lumina of the liver. The poisoning of the tissues also 
involves the main digestive tube so that the cilia of the 
intestinal epithelium fail to function. Under these condi- 
tion diatoms and algal filaments, together with particles of 
silica, frequently get into the ultimate tubules of the liver. 

Although it has not been possible to determine any marked 


difference in the resistance of the various species of snails 
studied, there is evidence for the belief that certain flukes are 
much more harmful than others in their effects on the host. 
From a study of the cerearia, the conclusion is reached that 
organs for mechanical injury, such as hooks and spines, are 
less likely to prove baneful to the host than the by-products 
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of the worm. And while the excretory wastes set up a de- 
cidedly abnormal condition, the secretions of the mucin glands 
are probably the most injurious of all to the host. Such 
digestive secretions are commonly found to be present in 
echinostome cercariw, stylet cercariz and furcocercariw. Cer- 
tain species of furcocercarie (Cercaria gigas, cercaria of 
Schistosoma mansoni) even have two physiologically different 
kinds of such digestive glands, those which are eosinophilic 
and those which are basophilic (Fig. 7). The protoplasm of 
the eosinophilic glands is deep red while the nuclei are baso- 
philic. The basophilic mucin glands, on the other hand, take 
a deep hematoxylin stain throughout. The reaction of this 
latter type to Best’s calcium-ammonium-carmin stain suggests 
that the granules around the nuclei of the cells are closely 
related to glycogen, while the material in the ducts gives a 
pure mucin reaction. 


DIscUssION 

Since the liver of the mollusk possesses the properties of 
secretion, absorption and excretion in common with the verte- 
brate liver, and since the structure of the organ is in part 
similar in mollusk and vertebrate, it is profitable to inquire 
whether the study of the pathological conditions in the liver 
of the snail has a direct bearing on infected liver tissue of the 
vertebrate. This is especially worth while since some twelve 
adult species of flukes are known to give rise to pathological 
conditions in the liver of man, 

First of all it is noteworthy that the fluke infection in the 
mollusk liver is by way of the blood system, while that of the 
great majority of parasitic infections of the vertebrate liver 
is by way of the bile-duct. Coccidiosis, hydatiditis, and most 
of the fluke infections arise from a previous lodgment of the 
parasite in the digestive tract, a migratory inflammation of the 
epithelium of the bile-duct as the infective agent forces its way 
up the duct, and finally the spreading of the disease through- 
out the trabecule of the liver. Then with the breaking down 
of the epithelial cells the matrix cells are invaded. Primary 
inflammation induced by such an invasion of animal parasites 
gives rise to a catarrhal condition of the epithelium, to an 
enlargement of the bile-duct and to a diffuse eosinophilia. 

There are, however, a few common types of fluke parasitiza- 
tion of the vertebrate in which liver infection is not developed 
by way of the bile-duct but rather from the blood stream. 
In such infections the connective tissue surrounding the blood 
vessels is first attacked and the epithelium of the trabecule 
remains relatively untouched. This condition is followed by 
stasis of the portal vein and the development of granulomata 
around the infected area. As far as is known all of the blood 
flukes (including species of Schistosoma and Bilharziella) 
effect an entrance directly or indirectly into the blood stream 
and finally come to reside in the blood sinuses in the liver. 
Possibly also certain monostomes which live in the blood 
stream are at least temporary parasites of the liver tissues. 
Animals in this location can secure assimilable food much 
more readily than those in the lumen of the digestive tract or 
in its outpocketings. 
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Disregarding the means of entrance of the parasite and the 
primary pathological picture, there is a striking similarity 
in mollusk and vertebrate livers parasitized by flukes. Macro- 
scopically both are distended and changed in color from the 
normal. Hypertrophy of the interstitial cells and desquama- 
tion of the epithelial cells occur in both, although in the oppo- 
site order. Hyperplasia, which is common in the vertebrate 
host, has not been seen in the mollusk liver. Edema and 
ascites may be found in both. The fluke in the blood sinus 
of the mollusk liver produces a recognizable stasis, just as 
Fasciola hepatica gives rise to bile stasis in the sheep and 
Schistosoma japonicum to portal stasis in man. Mechanical 
and chemico-pathological lesions are common in both instances. 
Melanin deposition in the connective tissue is a matter of 
record in mollusk and vertebrate liver. Necrosis is the ordi- 
nary fate of pathological tissues in every case where the infec- 
tion is prolonged. And finally, with the migration of the 
pathogenic agent, rapid recovery of the organ by proliferation 
of new cells is the rule in mollusk and vertebrate liver alike. 

On the whole, the mollusk liver seems able to withstand a 
heavier infection for a longer time than the vertebrate liver. 
It is also able to effect recovery much more readily. This sug- 
gests a greater power of adaptability and a larger regenerative 
index, based, no doubt, on a simpler organization. 


SUMMARY 
1. The tubular epithelium of the mollusk liver consists of 
two cytologically different kinds of cells, those with large nuclei 
and with closely aggregated opalescent granules in the cyto- 
plasm (the “lime” cells), and those with small nuclei in 
which glycogen and fat are frequently found (the liver cells). 


> 


2. These two types of cells carry on secretive, absorptive and 
excretive processes in a manner similar in part to such pro- 
cesses in the vertebrate liver. 

3. The liver tissues of many mollusks (mostly gasteropods) 
are infected with flukes which pass the parthenogenetic genera- 
tions and the larval phase of the hermaphroditic generation in 
the mollusk. Heavy infections can usually be recognized by 
macroscopic inspection of the body after removal from the 
shell. 

4. The flukes work their way to the liver through the blood 
sinuses, coming to reside in the interstices between the liver 
tubules. Here they mechanically irritate the host, requisition 
a large amount of digested foodstuffs, empty a burdensome 
amount of excretory wastes into the tissues, and cause serious 
cytolytic changes both in the epithelial cells of the tubules 
and in the intertubular connective tissue. 

5. The pathological picture of the infected gasteropod liver 
is on the whole decidedly suggestive of the condition set up in 
the vertebrate liver infected with pathogenic organisms. 

EXPLANATORY Note.—It was necessary in the absence of the 
author to reduce materially the length of this article and to make 
certain changes in the text. Figures 6 and 7 were drawn by 
Dr. Faust in color, but were replaced by copies in black and white. 
Responsibility for the changes in the manuscript and for the 
zccuracy of the substituted drawings is therefore assumed by 


me. It is with great pleasure that I acknowledge the counse] 
and cooperation of Mr. Brédel. 
Ralph G. Mills, M.D. 
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\ 
: Fic. 1.—Normal liver tissue of Planorbis trivolvis. showing “lime” cel!s Fic, 3.—Effect of Cercaria isocotylea on Pl. trivolvis. Note pas- 
and liver cells of tubule, pseudo-cuticula lining the lumen of the tubule sage of large masses of food from the epithelial cells into the parasite. 
and the inter-tubular connective tissue. Note glycogen granules just (xX 810.) 
beneath pseudo-cuticula. (x $10.) 
: Fic. 2.—Pathological liver tissue of Pl. trivolvis infected with sporocysts Fic. 4.—Late stage of infection of liver of Pl. trivolvis with 
} and developing cerearia of Cercaria gigas. Note position of flukes in con- Cercaria convoluta. Note hypertrophy of connective tissue, with 
hective tissue. Epithelium of tubules highly vacuolated; glycogen only fibromata. (xX $10.) 


il Connective tissue and in sporocysts. (X 810.) 
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Fic. 5.—Effect of Cercaria micropharyns infection 
on liver epithelium of Lyumnaa proxrima. Note degener- 
ation of nuclei and food reserves of protein-storage 
cells, excretory granule formation and eosinophilia at 
tree end of epithelial cells (xX 1080.) 


Fic. 6.—Liver tissue of Goniobasis carinifera infee- 
ted with Cercaria quatuor-solenata. Note large agglom- 
erations of excretory granules extrusion of chromidia, 
and general eosinophilia of epithelial cells. (x 1080.) 


F:c. 7.—Effect of Cercaria of Schistosoma mansoni on liver tissue of Planorbis guadelupensis. Note 
hcavy production of excretory granules, eosinophilia and general necrcsis of cells. (X 1080.) 
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THE FATE OF INFLUENZA BACILLI INTRODUCED INTO THE 


UPPER AIR PASSAGES 


By Arruur L. BLOOMFIELD 


(From the Biological Division of the Medical Clinic, The Johns Hopkins University and Hospital) 


In previous papers” we reported observations on the fate 
of certain bacteria after their introduction into various parts 
of the upper air passages. This work represented a portion 
of a systematic study of one phase of infection, namely, the 
period from the arrival of the organism at the mouth or nose 
until it is eliminated or until disease is produced. Sarcina 
lutea, B. coli, and Staph. albus were studied. It was found 
that these bacteria were rapidly disposed of; Sarcina was 
promptly destroyed by the saliva, and B. colt and Staph. albus 
were washed away by mechanical processes without showing 
any tendency to colonize. The present report deals with a 
similar study of the hemoglobinophilic bacteria (B. influenze). 
No attempt was made to produce disease, and our purpose was 
simply to study the fate of the organisms and the method of 
their disposal. 

LITERATURE 

Several records of inoculations of human beings with B. 
influenze are found in the recent literature. These experi- 
ments were all made on the hypothesis that the organisms 
used might be the cause of epidemic influenza and in the 
attempt to demonstrate this fact by the production of disease. 
Rosenau* introduced strains of influenza bacilli freshly iso- 
lated from cases of epidemic influenza into the throats of 
volunteers without producing any local or general disease. 
Sellards and Sturm,’ in the course of a study of hemophilic 
bacilli isolated from cases of measles, sprayed a saline emul- 
sion of five strains upon the mucous membranes of the eye, 
nose and throat of four volunteers. Cultures made at three- 
day intervals for a period of two weeks were uniformly nega- 
tive, and no local or general symptoms were produced. Sellards 
reports no observations made during the first three days after 
inoculation. Wahl, White and Lyall* found that the applica- 
tion to the mucous membrane of the nares and naso-pharynx 
of a saline emulsion of strains from cases of epidemic influenza 
failed to produce any abnormal symptoms in five healthy 
men. These workers were unable to recover B. influenze from 
the nose after 48 hours except in one case, but found the 
organisms present in the naso-pharynx for two weeks or longer. 
In some cases the bacteria disappeared after a few days to 
return later. In summary, then, the above experiments, while 
indicating the general trend of events, give no detailed infor- 
mation about the immediate and exact fate of the influenza 
bacillus. 

METHODS 


Strains.—Until the needs of the recent epidemic stimulated 
the development of media satisfactory for the growth of B. 
influenze, little success had been met with in the study 
of the finer details of its natural history or in the differentia- 
tion of strains by biological or other methods. All small 


Gram-negative hemophilic bacilli isolated from the respiratory 
passages were placed together in one group. Recent work, 
however, particularly that of Rivers,’ suggests that all the 
organisms previously included under one head are by no means 
identical, but that they represent various groups differing in 
essential biological characteristics. It is therefore impossible 
to be certain now of the exact nature of the original organism 
of Pfeiffer as well as of the nature and identity of the “ in- 
fluenza bacilli” which were so prominent in the cases of 
epidemic disease in 1918. 

Three strains were employed in the present work. They were 
all isolated from the throats of healthy men,* and conformed 
to all the usual criteria of the influenza bacillus group. 

Media.—In view of the difficulty of growing influenza 
bacilli under unfavorable conditions, the utmost care was used 
in the preparation of the media. Fresh 2 per cent meat infusion 
agar (pH 7.3 to 7.5) to which 1 per cent of fresh defibrinated 
rabbit’s blood was added, or the sodium oleate hemoglobin 
agar of Avery were used in all the work. The medium was 
always fresh and moist, and each lot was tested by inoculation 
with the various strains. It was considered unsatisfactory 
unless the colonies were large and reached their maximum 
growth in from 24 to 36 hours. 

Inoculations.—As in the previous work, healthy individuals 
presenting no unusual abnormality of the upper air passages 
were used. The whole 24-hour growth from an agar slant was 
collected on a loop and deposited on the desired site—the 
tongue, nasal septum, naso-pharynx or tonsil crypt. Cultures 
were made at various intervals by scraping the site of inocula- 
tion with a platinum loop or (in the case of the naso-pharynx) 
by means of the usual cotton swab. The material collected 
was spread with a glass rod over two plates. It was regarded 
as essential that the spread of colonies be discreet; plates 
covered by a confluent mass of growth are useless in work of 
this sort. The cultures were studied after from 24 to 48 hours, 
and in every case the diagnosis of B. influenze was established 
by isolation of the organism in pure culture. Great care was 
taken in estimating the quantitative relations. 

* The site of inoculation was watched for signs of reaction. 
In no case was there any change in the appearance of the 
mucosa, or any constitutional reaction. 


EXPERIMENTS 


Exp. I.—Fate of influenza bacilli swabbed on the tongue. The 
bacteria were placed on the tongue, and cultures were made from 
the tongue and from the pharynx at various intervals. The results 
are summarized in Table I. 

Summary.—Influenza bacilli swabbed on the tongue in large 
amounts were promptly spread over the mouth cavity. The 


* We are indebted to Dr. Rivers for these strains. 
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Sb 
Name Date Procedure 

M. Nov.'0. One slant 
strain 55 B. 
swabbed on 
anterior half 
of tongue. 

J Nov. 16, One slant 
strain 55 B. 
swabbed on 
anterior half 
of tongue. 

C. Nov. 17. One slant 
strain 63 
swabbed on 
anterior half 
of tongue. 

B. Nov. 17. One slant 


strain 33 
swabbed on 
anterior half 
of tongue. 


* =innumerable. 
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TABLE I[.—FATE OF B. INFLUENZ.E SWABBED ON THE TONGUE 


Number of colonies of B. intluenze per plate recovered from tongue and pharynx 
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Control culture before 


inoculation 
Tongue Pharynx 

After After After After | After After After After After After After | After T Sieis 

10min.) 2 hrs. 1 day 2days 3days 4days 10 min. 2 hrs. 1 day 2 days 3 days | 4 days. ongue harynx 

o* <A good Avery few No B. A good No B.infl. No B. intl. | No B. infl.  NoB.infl. A few cols. 
many colonies infil. many B. infil, 
colonies B. infil. colonies 
B, intl. B. intl. 

@ Avery few No B. infil. No B. 150 cols. B.| 20 cols. B.|  ....... No B. NoB. infil. A few cols, 
cols. B. found. infl. infl. infl. | infil. infil. 
infil. 

150 cols. B. No B. infil. | Afeweols. Afewcols.| NoB.infl. ...... | .... | No B.infl. No B. infl. 
i B. intl. B. infl. 


infl. 


@ A few cols. No B. infil. 


B. infil. 


Many cols. 
B. infl. 


A few cols. 
B. infil. 


No B. infl. No B. infl, 


TABLE II.—THE FATE OF INFLUENZA BACILLI INTRODUCED INTO THE NOSE 
Number of colonies of B. influenze per plate recovered from nose and pharynx 
Control culture before 
inoculation 
Name, Date Procedure Nose Pharynx 
After | After After Aiter After After After After After 7 : 
10 min. | After 2 brs. 1 day 2 days 10 min. 2 hrs. 1 day 2 days 4 days 8 days Nose | Pharynx 
C. Nov. 11. One slant | 1000 cols. No B. infl. A fewcols.| No B.infl, No B.infl. eee eee No B. infl. | A few cols. 
strain 56 B. | B. infl. | B.infl, | | B. infil. 
swabbed on 
left nasal | | 
septum. | 
S. |Nov. 12. One slant 200 cols. B. | No B. infl. | No B.infl.|  ...... No B. infl. Afewcols. About 50 No B. infl. No B. infl. No B. infil. 
strain 55 B. infl. | B, intl. cols. B. 
swabbed on infi.* 
left nasal | 
septum. 
St. Nov. 13. One slant 200 cols. B. | 20 cols. B. | No B. infl. No B. infl. | No B. infl. No B.infl, No B. infil. | No B. infil. 
strain 55 B. | intl, | infil. 
swabbed on | 
left nasal | 
septum, | 
Ch. Nov. 18. One slant SO cole. B. Ne About 20 | NoB.infl.' ...... No B. infl. | A few cols. 
strain 63 infl | cols. B, 
swabbed on | j infil. 
right nasal | | 
septum. 
| 
B. Nov. 19. One slant Several hun-| NoB.infl. ...... | No B. infil. No B. infl.| ..... No B, infl. | No B. infl. 
strain 33 dred cols. | 
swabbed on B. infl. 
left nasal 
septum. 
*This strain was not 55 B. (See Table V.) 
TABLE III.—FATE OF INFLUENZA BACILLI INTRODUCED INTO TONSIL CRYPTS 
Number of colonies per plate of B. influenze recovered from crypt and pharynx Control culture 
before 
Name Date Procedure Crypt Pharynx eaeeemeenenn 
After | After After After After | After After After After After After After After After | 
10min.| 2hra. Iday 2days 4days|6days Sdays 2 hrs. 1 day  2days 4 duys 6 days days Crypt | Pharynx 
Co. Nov. 25. One loop strain 300 | 10 cols. No B. ence Many Many | | ... |NoB, | No B. 
33 placedina cols. | B.infl. infl. } cols. cols. infl. infl, | infl. 
tonsilerypt. | B. | B. infl. B, | 
H. ‘Nov. 29. One loop strain 100* 200* No B. |No B. Several Several | Several* Several* About* | About* |NoB. | A few 
63 placed ina cols. cols. infl. intl, hundred hundred hundred} hundred) 100 cols.} 100 cols.) infl. | cols. B. 
tonsil crypt. B. infl.) B. infl. cols. B. cols. cols. B.| cols. B. | B. infil, B. infl. | infil. 
| infl. B. infil. infl. infl. | 
W. Dec. 6. One loopstrain About |Afew No B. Many A few Ne | ove aoe: | NoB | No B. 
55 B. placedin) 100 cols infl. cols. cols. infl infl, | inf. 
atonsilecrypt. cols. B. intl. } B, infil. B, infl. 
B. intl. 


*Not strain 63. 


(See Table V.) 


| 
| 
| | 
- —- | 
4 


Marcu, 1920] 


JOHNS HOPKINS HOSPITAL BULLETIN 87 


organisms disappeared both from the tongue and pharynx very 
rapidly. After two hours the number recovered was much re- 
duced, and after 24 hours only a very few organisms were obtained 
in two out of four cases. Control cultures before inoculation 
yielded a very few colonies from the pharynx in two cases. The 
general result of this experiment is that in 24 to 48 hours the 
inoculated organisms have disappeared or at least been reduced 
to the number “ normally” present in the pharynx. There was no 
local or general reaction following inoculation. 


Expr. II.—Fate of influenza bacilli introduced into the nose. The 
bacteria were deposited on the nasal septum behind the vestibule 
and cultures were made at various intervals from the nose and 
pharynx. The results are summarized in Table II. 

Summary.—Large numbers of B. inluenze swabbed on the nasal 
septum disappeared rapidly from the site of inoculation. None 
could be recovered after 48 hours. Simultaneous cultures from the 
pharynx in three of five cases yielded a few colonies of B. influenze 
in from two hours to 24 hours after inoculation. In one case (S.) 
50 colonies were recovered from the pharynx in the 48-hour 
culture, but this organism was found to be a different strain from 
that introduced (see Table V). 

Exp. III.—Fate of influenza bacilli introduced into tonsil crypts. 
The bacteria were introduced into a tonsil crypt with a platinum 
loop and cultures were made at various intervals from the crypt 
and from the pharynx. The results are summarized in Table III. 

Summary.—lInfluenza bacilli introduced into tonsil crypts could 
not be recovered from the site of inoculation after 24 hours in two 
of three cases. In the third case influenza bacilli were recovered 
after two and also after four days, but they were found to be 
different strains from those introduced (see Table V). In this 
case influenza bacilli were also recovered from the pharynx several 
days after inoculation, but the strain was not only different from 
that introduced, but it was also different from that obtained from 
the crypt after two and after four days (see Table V). 

Exp. IV.—Fate of influenza bacilli introduced into the naso- 
pharynx. Influenza bacilli were swabbed on the naso-pharynx and 
cultures were made at various intervals. The results are sum- 
marized in Table IV. 

Summary.—Influenza bacilli swabbed in large amounts on the 
naso-pharynx disappeared very rapidly. After two hours very few 
organisms could be recovered from the site of inoculation. In one 
case, influenza bacilli recovered after one and after four days were 
different strains from those introduced (see Table V). 


DISCUSSION 


The general result of these experiments seems to indicate 
two facts: First, that several strains belonging to the group 
of so-called influenza bacilli swabbed in large amounts on the 
normal mucous membranes of the upper air passages failed to 
colonize and disappeared in about a day; and secondly, that in 
no case did they produce any demonstrable local lesion or 
general reaction. 

In five instances influenza bacilli were recovered at periods 
later than 24 hours after inoculation. It seemed of importance 
to determine whether these strains were identical with those 
introduced or whether the strain introduced had disappeared 
and another had supplanted it. Biological differential methods 
worked out by Dr. Rivers were applied by him to the study of 
these cultures. In every case it was possible to show that the 
strain introduced had been replaced by organisms possessing 
different characteristics (see Table V). It seems desirable 
to bring these findings into relation with the known facts 


about the presence of influenza bacilli in the throats of healthy 
people. Winchell and Stillman review the recent literature 
on this subject and report careful studies of their own on a 
series of individuals over a period of eight months. It seems 
quite certain that hemophilic bacilli may be found in from 40 
to 80 per cent of various groups of healthy people. The exact 
seat of bacterial multiplication in the pharynx and the length 
of time over which any given strain persists are however un- 
known. Our experiments suggest that the free surfaces of the 
normal mucous membranes present a relatively unfavorable 
environment for these bacilli to colonize upon. It may be 
that their source in certain cases is a focus, such as a chronic 
sinusitis, bronchitis, or bronchiectasis, or an acute infection of 
the respiratory tract either in the same or in another individual 
from which they are discharged into the open pharyngeal 
cavity. It should be emphasized that all studies on the per- 
sistence of influenza bacilli in the throat are of uncertain 
significance in the absence of proof that the strains recovered 
from the same individual at various times are identical. The 
final solution of this question must await the development of 
complete and accurate methods of differentiating the various 
strains of hemophilic bacilli. 

Inasmuch as the organisms employed in our experiments 
had been grown on artificial media for several generations the 
objection may be raised that their failure to colonize was due 
to alteration im their virulence by growth outside the body. 
This objection cannot be answered and the experiments are 
presented with this in mind. 


THE MECHANISM OF DISPOSAL OF B. INFLUENZ4 

As in the case of the organisms previously studied an attempt 
was made to analyze the various factors which might be re- 
sponsible for the disposal of B. influenzae. 

1. The Antagonistic Action of Other Bacteria in the Mouth 
and Throat.—No direct experimental method was available for 
determining to what extent the growth and multiplication of 
B. influenze in the throat is prevented by bacteria already 
present. It is known that B. inflwenze grows well on artificial 
media in symbiosis with many other bacteria under proper 
quantitative relations. It may, however, be rapidly overgrown 
by an excess of other bacteria which in smaller numbers would 
favor its growth. In the case of nasal inoculations other 
bacteria can hardly play an important part since the nasal 
mucosa is practically free of organisms. 

2. The Effect of the Mouth Secretions—An attempt was 
made to reproduce mouth conditions by testing the effect of 
saliva on influenza bacilli in the test tube. Fresh saliva was 
centrifuged at high speed for a few minutes to remove gross 
particles. Small amounts of the resulting clear fluid were 
placed in test tubes and heavily inoculated with B. influenze. 
The entire growth from an agar slant was suspended in 0.5 ec. ec. 
of saliva, and control tubes of plain broth were similarly inocu- 
lated. Cultures were made at various intervals on oleate 
hemoglobin agar plates. Three salivas covering the normal 
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TABLE IV.—FATE OF INFLUENZA BACILLI INTRODUCED INTO THE NASO-PHARYNX 
| | | Number of colonies per plate recovered from naso-pharynx 
| | After 10min. | After 2 hrs, After 1 day After 2days | After 3 days 
| | | 
Ww. Dec. 1 | One slant of strain 33 swabbed on| = 200 cols. B. No B. infl. | No B. infil. [ eeness No B. infil. 
| | maso- pharynx. infl. 
R. Dec. 1 One slant of strain 33 swabbed cn 10 cols. B.infl.| A very few* | ...... 4 cols. B. infi.*| No B. infil. 


| maso-pharynx. 


cols. B. infil. 


* Not the strain which was introduced. (See Table V.) 


TABLE V.—COMPARISON OF CHARACTERISTICS OF STRAINS OF INFLUENZA BACILLI INTRODUCED AND RECOVERED 
IN VARIOUS CASES 


Name 


Sp. 


Characteristics of Morphology 
| Strain introduced (55 B). Small regular bacilli. | 
| Strain recovered from throat 48 hrs. | Small regular bacilli. 
after inoculation. 
Ha. | Strain introduced (63). | Small regular bacilli. 


| Strain recovered from throat 4 days Small regular bacilli. | 
| after inoculation. 
Strain recovered from crypt 4 days 


after inoculation. 


Large thick bacilli. 


R. | Strain introduced (33). | Small regular bacilli. 
| Strain recovered from throat 24 hrs. | Very large numerous 
| after inoculation. threads. 
| Strain recovered from throat % days |.......-..-.+eeeeeeeees 
| after inoculation. 


TABLE VI.—EFFECT OF SALIVA ON INFLUENZA BACILLI 


Date | pH. of Strainof | Time of culture after | 
saliva B.infl. | inoculation | 
Dec.6. | 7.0 55 B Immediately. 
After 2 hrs. | 
| After 24 hrs. | 
| | 
Dec. 6. | 7.0 33 Immediately. | 
After 2 hrs. } 
| After 24 hrs. 
Dec. 3. 7.3 63 Immediately. 
After 2 hrs. 
After 24 hrs. 
| 
Dec. 3. 7.3 33 Immediately. 
After 2 brs. 
After 24 hrs. | 
| | | 
} 
Dec. 4. | 6.4 65 B. | Immediately. | 


| After 2 hrs. 
| 
After 24 brs. 


Staining 


Gram-neg. 
Gram-neg. 


Gram-neg. 
Gram-neg. 
Gram-neg. 
Gram-neg. 
Gram-neg. 
Gram-neg. 


| Hemoglobinophilia 


Hemoglobinophilic 
Hemog|lobinophilic 


Hemoglobinophilic 
Hemoglobinophilic 


| 
| 
} 
Hemog)lobinophilic 
Hemoglobinophilic 
| Hemoglobinophilic 
| Hemoglobinophilic 


Indol | _Nitrite Agglutina- 

Hemolysis formation formation 
Non-hemolytic. Marked, | Marked. + 
Non-hemolytic. None. Marked. 0 
Non-hemolytic. None. Marked, 0 
Non-hemolytic. Marked, Marked. 0 
Hemolytic. Marked. | Marked. 0 
Non-hemolytic. Marked, | Marked. 0 
Non-hemolytic. None. | Marked. 0 

| 

Non-hemolytic. None. | Marked. 0 


0.5 ¢. c. broth and growth from j 
one slant B. infil. 


Innumerable cols. B. influenze. 


Innumerable cols. B. influenze. 


Innumerable cols. B. influenze. 
(About same number as in previous culture.) 


0.5 c. c. saliva and growth from one slant B. infil. 


About 50 cols. ‘‘ mouth bacteria’’ per plate + innumerable cols. 
B. influenze, 


About 50 cols. ‘‘ mouth bacteria’’ per plate + innumerable cols. 


B. intluenze. 


About 3v0 cols. ‘‘ mouth bacteria.”” No B. influenza. 


| About 190 cols. ‘‘ mouth bacteria’ per plate + innumerable cols 


B. infiuenze. 
About 75 cols. ‘ mouth bacteria” per plate + innumerable cols. 
B. influenze. 


| About 500 cols, ‘‘ mouth bacteria’’ per plate. No B. influenze. 


About 300 cols. ‘‘mouth bacteria”’ per plate + innumerable B. 
influenze. 

About 300 cols, ‘‘ mouth bacteria’? per plate + innumerable B. 
influenze. 


About 300 cols. ‘‘ mouth bacteria”’ per plate. No B. influenzae. 


About 50 cols. 
influenze. 

About 75 cols. 
influenze. 

About 500 cols. ‘‘ mouth bacteria’’ per plate. 


“‘mouth bacteria”’ per plate + innumerable B. 
“mouth bacteria"’ per plate + innumerable B. 


No B. influenze. 


| About 100 cols. ‘‘mouth bacteria” per plate + innumerable B. 


influenze. 
About 75 cols. 

influenze. 
About 100 cols, ‘‘ mouth bacteria”’ per plate. 


‘*mouth bacteria” per plate + innumerable B. 


No B. influenzz. 
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Marcu, 1920] 
range of reaction (pH 6.4 to pH 7.3), and three strains of 
influenza bacilli were employed. The results are summarize 
in Table VI. 

This experiment shows the following points. Influenza 
bacilli suspended in plain meat infusion broth were viable at 
the end of 24 hours. From saliva inoculated with the same 
amount of culture living influenza bacilli were recovered after 
two hours, but not after 24 hours. The proportion of mouth 
bacteria in the saliva to the inoculated influenza bacilli was 
about 1 to 10,000 at the beginning of the experiment. At the 
end of 24 hours there was only a slight increase in the number 


of mouth bacteria, whereas no influenza bacilli grew. The 
experiment seems therefore to indicate that while saliva exer- 
cises no immediate destructive effect on B. influenza, it is an 
unfavorable medium for the growth of these bacteria and that 
they do not remain viable in this medium for as long as 24 
hours. This result was constant with salivas of different pH. 

The probable explanation, therefore, of the rapid disappear- 
ance of B. influenze when introduced into the normal upper 
air passages involves both the action of a medium unfavorable 
for the growth of these organisms, together with the mechani- 
cal flushing processes constantly at work in these regions. 

The question naturally arises in this connection as to what 
makes possible the tremendous growth of influenza bacilli in 
disease conditions, such as acute sinusitis pharyngitis, laryn- 
gitis, pneumonia, measles, influenza, etc. A possible explana- 
tion which still lacks final proof is that these acute processes 
may alter the environment in such a way that the organisms 
take hold and grow rapidly at the seat of disease. 
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SUMMARY 

1. Three strains of influenza bacilli introduced in large 
amounts into the normal upper air passages disappeared very 
rapidly—within from one to two days. In no case was a carrier 
state produced. 

2. In no case did any local or general pathological process 
result from such inoculation, 

3. In five instances influenza bacilli isolated later than 24 
hours after inoculation were shown to be different strains 
from those introduced. 

4. Influenza bacilli were no longer viable after being sus- 
pended in saliva for 24 hours at 37°C, 

5. The rapid disappearance of influenza bacilli from the 
upper air passages is probably due to the combination of an 
unfavorable environment with the mechanical flushing pro- 
cesses at work in these regions. 

6. The question of the persistence of influenza bacilli in 
normal throats cannot be finaily settled until we possess accu- 
rate methods for differentiating various strains of hemophilic 
bacteria. 
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NOTES ON MUSCULAR WORK DURING HYPNOSIS 


By NorMan CLIVE NICHOLSON * 


(From the Phipps Psychiatric Clinic and the Physiological Laboratory of The Johns Hopkins Hospital) 


The novel conditions of modern warfare have directed atten- 
tion to the extraordinary occurrence of the functional nervous 
and mental disturbances. With one-third of all discharges 
for disability in the British Army due to war neuroses or 
so-called “ shell shock,” these disorders became a grave medico- 


*It is a deep sorrow that along with the appearance of this 
article we must record the untimely death of the author. The 
son of the Reverend J. C. Nicholson, pastor of Madison Square 
Methodist Episcopal Church, but 28 years old, Nicholson had 
shown himself a man of unusual energy and promise. He was one 
of those who early in his student years had manifested an interest 
in study and research the first-fruits of which were published 
in an article with Dr. Emil Goetsch, in the American Review of 
Tuberculosis, in 1919. Obliged early in January, 1918, to inter- 
Tupt his studies because of ill health, his energy and enthusiasm 
were undiminished. In the fall of 1919 he returned, himself 
again physically and full of activity and devotion to his chosen 
career. In his death his friends and his teachers mourn the loss 
of an active, inquiring mind, which gave promise of happy 
fruition. W. S. T. 


military problem calling for urgent therapeutic solution 
Treatment with rest, re-education, psycho-analysis, occupa- 
tional therapy and hypnosis was and still is being tried, but 
from reports in the British and French medical journals it 
would appear that the most encouraging results are obtained 
with the aid of suggestion and hypnosis. 

Unfortunately, however, our knowledge of hypnotism is very 
incomplete, and if it is to be used intelligently as an effective 
means of analyzing and treating these conditions, it is neces- 
sary that it be given a sound physiological foundation. Thus 
far there have been scarcely any carefully conducted laboratory 
experiments to determine the underlying physiology of hyp- 
nosis. What data we have are in large part unsupported 
by experimental proof—a deficiency which obviously lessens 
its scientific worth. Valuable contributions have been made 
to the subject, it is true, by such men as Vogt, Forel, Bern- 
heim, Moll and others, but these are concerned mainly with 
the therapeutic application and general psychology of hyp- 
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notism. Nowhere, in fact, has there been any consistent pro- 
gram aiming to get at the subject by the method of laboratory 
experimentation. It therefore occurred to the writer that the 
time was ripe to bring to bear on the problem the modern 
technique of the physiological laboratory and thus to obtain a 
series of exact objective records of just what effect hypnosis 
and suggestion have on the body mechanism of man. The 
completed investigation will aim naturally to answer the 
following questions: What is the condition of the muscular, 
the nervous, the cardio-respiratory, the gastro-intestinal, the 
endocrine and the excretory systems in the hypnotic sleep and 
how can these systems be influenced by suggestion? Notes 
on the different phases of the work will be published as they 
are completed. This preliminary report concerns only the 
results of certain studies on the muscular system. 

As we wished to determine the effects of suggestion upon 
muscular efficiency and record the findings objectively, a 
Mosso ergograph was used as the instrument best adapted to 
fulfil these requirements. With this apparatus one arm and 
one hand are so fixed by straps and metal supports that it is 
possible to test the efficiency of a small group of muscles. 
The person experimented upon makes a series of short con- 
tractions of the flexor muscles of the middle finger, thereby 
lifting a known weight to a definite height which is recorded 
upon a drum. In a set of experiments the rate of the series 
of contractions, that is, the interval of rest between the con- 
tractions, is kept constant as also is the load lifted. Under 
these conditions a fully awake subject makes contractions 
which become less and less extensive as fatigue comes on, until 
finally, despite the strongest voluntary effort, the contractions 
of the muscles are insufficient to lift the weight. In this way 
a record is obtained, such as is shown in Fig. 1, and the 
capacity for work of the muscle used can be studied objectively 
under varying conditions and permanent records secured. The 
contractions in the experiments here reported were timed by 
a metronome so that they occurred at regular intervals of two 
Any irregularity in the rate of revolution of the 
drum, that is, any difference in the spacing between the sepa- 
rate lines in the records may therefore be disregarded. The 


seconds. 


weight used was one of three kilograms. 

The objection might be advanced that with the Mosso ergo- 
graph we cannot compute the total amount of work which the 
muscle is capable of performing, as would be possible if we 
were to use a spring ergograph. But a consideration of the 
nature of our problem will show that relative results are ade- 
quate for our purposes and that the ergograph of Mosso is 
therefore best suited for these experiments. 

Only those subjects were used whom I could place in the 
deepest hypnotic sleep—the state characterized by cataleptic 
rigidity.. Having selected the subjects, it was necessary to 
determine the normal work capacity of each one as measured 
by the ergograph. Accordingly, for a period of two weeks 
daily tracings were obtained until an approximately standard 
curve of work for each subject in the waking condition was 


*In all of the experiments the hypnotizing was done by the 
author. 


established. Fig. 1 represents such a standard work-curve 
requiring approximately 10 minutes to complete. The next 
step was to determine the normal recuperative period, that is, 
the length of time necessary to enable the subject to repeat 
the amount of work just recorded and thus reproduce a tracing 
as extensive as the first. This period varied with the different 
subjects, but was never more than two nor less than one hour. 

With these standards determined for the waking state we 
proceeded to compare them with the results obtained in the 
hypnotic sleep. A similar procedure was followed for each 
subject as follows: 

Exp. I.—Subject hypnotized and given suggestions, throughout 
the period of work, of increased energy and muscular power with 
absence of fatigue sensations, and the results recorded (Fig. 2). 
The subject was awakened when the tracing had extended around 
the circumference of the drum, which generally took about 20 
minutes. 

Exp. II.—In this experiment an answer was sought to the ques- 
tion: How much work is the fully awake subject capable of per- 
forming immediately after the work done in hypnosis? That is, 
a tracing was made of his work capacity as soon after the comple 
tion of Experiment I as a fresh drum could be put in place—about 
three minutes (Fig. 3). 

Exp. IIlI.—Subject again hypnotized at the conclusion of Experi- 
ment II and a second tracing in the hypnotic sleep recorded at 
once (Fig. 4). 

Exp. IV.—Subject while fully awake was permitted to work 
almost up to the point of fatigue and while still working he was 
hypnotized and thus in one tracing the contrast between work in 
the waking and hypnotic sleep was recorded (Fig. 5, A and B). 


Exp. V.—Subject was permitted to work almost up to the point 
of fatigue, but at the point where in the previous experiment 
hypnosis had been induced suggestions were now made without 
hypnosis of increased muscular power, no fatigue sensations, etc. 
(Fig. 6, A and B). 

RESULTS 

The records obtained show that a very definite increase in 
muscular efficiency can be obtained by suggestion in the hyp- 
notice state and that suggestions given even while the subject 
is fully awake influence muscular efficiency to some extent. 
The increased efficiency during hypnosis shows itself in three 
ways: First, by an increase in the actual amount of work 
done (Figs. 2, 4, 7). In fact, during the hypnotic sleep the 
capacity for work seemed practically endless, as we invariably 
had to conclude the experiment because of the limited record- 
ing surface of our drum. Further work along this line is of 
course essential. The records secured so far afford, how- 
ever, an affirmative answer to the question: Can suggestions 
during hypnosis increase work capacity? Second, by an 
increase in endurance (Figs. 2, 4, 7). Third, by a decrease 
in fatigue, both subjective and objective. After work in the 
hypnotic sleep the subjects never complained of any fatigue, 
nor could questioning elicit any signs of fatigue, whereas 
after performing a much smaller amount of work in the 
waking condition they frequently complained of being quite 
tired and exhausted and always on being questioned stated 
they were fatigued. The records (Figs. 2, 4, 7) show the 
absence of any objective fatigue, but this point was brought 
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Fic. 1.—Standard fatigue curve of subject when fully awake. It requires a rest period of one hour to enable the subject to duplicate this amount of 


Fig, 2.-Fatigue curve made during hypnosis one hour after completion of Fig. 1. The work was interrupted and the tie 


of work done under hypnosis. 


Fic. 4.—Fatigue curve made during hypnosis within five minutes after comps ol Fig 
an increased muscular efficiency during hypnosis even though the subject just lously 
indicates the point at which suggestions of renewed energy were made. 


work. (Fig. 
bro 
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PLATE XXXIV 


_3—Fatigue curve of subject when fully awake, made within three minutes after completion of Fig. 2. It corresponds approximately to the standard fatigue 
(Fig. 1) and shows the absence of fatigue after work done during hypnosis. 


etme brought to an end because of the limited recording surface of the drum. It demonstrates the much greater amount 


— ta 3. Experiment concluded when it was clear that the tracing showed 
8 Sly had worked to the limit of his capacity while fully awake. The arrow 
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Fic. 5.—In the first half of this tracing (4) the subject is fully awake. 


The record shows a typical fatigue curve. 
shows the increased work done during hypnosis, 


At the point where it ppare! 


Fic. 6.—In this, as in the previous figure, the subject is permitted to work almost to the point of exhaustion, but@re in t 
the same kind as were given previously during hypnosis. The two arrows indicate the points at which suggestions welhade. ' 
marked contrast to that obtained from hypnotic suggestion (Fig. 5). 


Fic. 7.—A fatigue curve obtained by simply setting the subject#rk durj 
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PLATE XXXV 


, but@re in the previous experiment hypnosis is induced, in this experiment suggestions without hypnosis are now given ot 
is wefade. The subject works considerably longer than normally, that is, his endurance is increased, but the curve is in 


rk during hypnosis without any suggestions being given at all. 


eit @pparent that he has about reached the limit of his work capacity he is hypnotized while still working. The second half of the tracing (B) 
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out more emphatically by the fact that the period for recupera- experiment the contractions do not at once increase in extent 
tion after work in the hypnotic state, that is, the interval nor do they tend to show any improvement as far as extent 
necessary for the muscle to make a complete recovery and give is concerned; they continue along at about the same level, 
a second tracing as extensive as the first, as compared with differing only from the subject’s standard fatigue curve in 
the recuperative period after work in the waking condition, that they are maintained for a longer period of time. In 
is startlingly short. Normally, after complete fatigue with a other words, the endurance is increased, but the actual amount 
given load a recuperative period of between one and two hours of work done is so much greater when the suggestions are given 
is necessary before a second tracing similar to the first can during hypnosis than when given during the waking condition 
be obtained. After obtaining a work-curve (Fig. 2) in the that it would seem reasonable to conclude that suggestions 
hypnotic sleep, however, one can awaken the subject and at given during the hypnotic sleep are much more effective than 
once obtain a normal curve of work (Fig. 3) corresponding to the same suggestions given in the absence of hypnosis. Hence, 
the standard work-curve of the waking condition (Fig. 1). we may say that wherever suggestion is indicated as a thera- 
One would expect a longer time for recovery after the hypnotic peutic agent hypnosis should be the method of choice. 
tracing because of the very much greater amount of work done As regards the problem which Experiment VI was designed 
in the hypnotic state. Evidently both subjectively and to solve, namely, the effect that hypnosis per se, regardless of 
objectively fatigue in the hypnotic sleep is lessened. verbal suggestions, exerts upon muscular work the results were 
Again and again in the literature the statement is made that vitiated by the fact that this was the last experiment done in 
suggestions given while the subject is fully awake are as the series and, accordingly, it is probable that by the condi- 
effective as when given during the hypnotic sleep. The records tioned-reflex mechanism the subject conducts himself exactly 
obtained from Experiments IV and V (Figs. 5, A and B; as though verbal suggestions were given at this time just as 
6, A and B)do not seem to bear this out. In Experiment IV in the previous similar situations. Nevertheless, we present 
the subject after working almost up to the point of fatigue the record obtained (Fig. 7) for what it is worth. It corre- 
was hypnotized and given suggestions of increased muscular sponds in general to all of the other records obtained in the 
power. The tracing thus obtained (Fig. 5, A and B) shows hypnotic sleep where suggestions of increased muscular effi- 
several interesting facts: First, that each contraction is at ciency were given throughout the experiment. 
once markedly increased in extent under hypnotic sugges- | All the results obtained above were controlled by repeating 
tion; secondly, that in extent the contractions tend to equal | them on the same subject and duplicating them on all the 
one another instead of becoming less and less extensive as subjects used, seven in all. It is recognized that there are 
fatigue comes on, as in the typical waking fatigue curve; and many phases of even this particular problem still untouched, 
thirdly, that it seems possible to continue to produce such a but the results obtained thus far, though fragmentary, justify 
work-curve indefinitely. In contrast to this the records from this preliminary report. 
Experiment V (Fig. 6, A and B), in which at the point where In conclusion I wish to express my thanks to Professors 
in the previous experiment the subject had been hypnotized Meyer, Howell and Watson who were ready at all times to 
we now gave without hypnosis suggestions of the same kind as give me the benefit of their advice. Dr. Benjamin Sachs 
had been given previously during hypnosis, show that in this rendered helpful assistance in some of the experiments. 


THE GRANULES, VACUOLES AND MITOCHONDRIA IN THE 
SYMPATHETIC NERVE-FIBERS CULTIVATED IN VITRO 


By TaxasaBurE Matsumoto, M. D., Chiba Medical College, Japan 


(From the Department of Embryology, Carnegie Institution of Washington, and The Johns Hopkins Medical School) 


INTRODUCTION | found to vary in number in nerves of different sizes and they 

The living sympathetic nerve-fibers are easily cultivated, in | did not extend into the nerve endings. In places where the 
saline and other solutions, from explants of the intestine of fibers were much flattened out the neurofibrils were seen to 
chick embryos of 4 to 12 days’ incubation (Lewis and Lewis, consist of fine granules. No attempt was made to describe 
1912). The fibers extend outward on the under surface of | other structures in the fibers. It is now known that it is 
the coverslip and usually form a complicated and irregular _ impossible to distinguish between mitochondrial granules and 
network. The larger nerves have a more or less radial direc- | granules of other origin in material stained with iron-he- 
tion and are connected by branches which extend between matoxlyin. The later application of the so-called vital stains 
them at various angles. | to tissue cultures has opened up new possibilities for the 
The material described by Lewis and Lewis consisted in | cytologist, and at the suggestion of Dr. Lewis I examined the 
part of specimens fixed in osmic acid vapor and stained with —_ structure of the living sympathetic nerve-fibers with and with- 


iron-hematoxylin. In these preparations the neurofibrils were | out the aid of vital dyes. 
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MATERIALS AND METHODS 


Cultures were made in the usual manner. Small bits of 
the intestine of chick embryos from 6 to 9 days incubation 
were used. Most of the cultures were grown in Locke’s 
solution plus 0.25 per cent dextrose plus 10 per cent chicken 
bouillon (Locke-Lewis solution). The nerve-fibers usually 
appeared in from 10 to 24 hours and often grew out for long 
distances in 24 to 48 hours. Not all of the explants, however, 
gave rise to nerve-fibers. 

The living cultures were studied both with and without 
the use of the vital dyes. Neutral red (about 1 to 20,000 in 
Locke’s solution) was used for the granules and vacuoles and 
janus black No. 2 (about 1 to 10,000 in Locke’s solution) for 
mitochondria. It is very much easier to study the granules 
and mitochondria after they have taken up these dyes than in 
the unstained specimens. The living fibers were first examined 
unstained ; then the culture was washed with one or more drops 
of the neutral red, after which a drop or two of the janus black 
No. 2 was placed on the preparations and the excess fluid 
sucked off with a fine pipette. Sometimes the neutral red and 
janus black No. 2 were made up together in the same solution, 
or the janus black No. 2 was put on the specimen before the 
neutral red. The neutral red was taken up in a few seconds 
by the granules and vacuoles, while the janus black No. 2 
required several minutes to color the mitochondria. 


OBSERVATIONS 

The nerve-fibers in explants from 6-day embryos resembled 
those from the older ones described in more detail farther on. 
The mitochondrial rods and granules were irregularly ar- 
ranged, except that they were more often at the periphery of 
the fibers than in the central part. The rods had their long 
axes more or less parallel to that of the fiber. Some of them 
moved a little, usually up or down the fiber. The granules 
which took up the neutral red, when present, were scattered 
and few in number. A few colorless vacuoles which did not 
take up neutral red were also found along the fibers and in 
the nerve endings. 

A typical fiber in a 48-hour culture from a 7-day chick 
embryo, shown in Fig. 1, contained a few scattered, rod-shaped 
mitochondria along the periphery of the nerve stem. In the 
branching nerve endings they were granular in form and 
situated, for the most part, in the small nodes from which 
delicate lateral branches were given off. In this particular 
fiber most of these small nodes had one mitochondrium, a 
few showed two or three. Mitochondria were also scattered 
in places on the branches between the nodes. There were no 
neutral red granules or vacuoles in this part of the nerve and 
no indications of neurofibrils were to be seen. 

In another 48-hour culture of a 7-day chick embryo (Fig. 2), 
a somewhat different condition existed. There were very few 
mitochondria along the fiber and these had no definite relation 
to the periphery. The slightly expanded ending contained 
numerous mitochondria in the form of granules and short rods 
and such mitochendria were present also in the two principal 
branches. ‘Ti¢se, were no indications of neurofibrils. In 


another similar culture the larger nerve trunks, as a rule, 
possessed many rod-like mitochondria arranged with their long 
axes more or less parallel to the long axis of the fiber (Fig. 3). 
The smaller branches and nerve endings in this same culture 
contained fewer mitochondria than did the larger trunks 
(Fig. +). Only a few scattered granules had taken up the 
neutral red. No indications of neurofibrils were observed. In 
some fibers which lived 4 days there was no noticeable increase 
in the number of granules or vacuoles which take up the neutral 
red, such as usually occurs in the mesenchyme cells. This 
may be due to the fact that in the case of the nerve-fiber we 
are dealing with a process of the cell and not with the cell 
body. In addition to the neutral red vacuoles, which were 
not numerous, some of the fibers and endings contained clear, 
unstained vacuoles. These were evidently different from the 
vacuoles which take up the neutral red, since they were often 
side by side, yet one type took up the red while the other 
did not. 

The cultures from 8-day embryos were similar to those 
from the 7-day ones. The nerves contained mitochondrial 
rods and granules which varied in number in different fibers 
and in different nerve endings. In some they were numerous, 
while others contained only a few. As in the cultures from 
7-day chicks, the rod-shaped mitochondria had their long axes 
parallel to the long axis of the fiber and did not form definite 
chains or rows. The mitochondria were more numerous in 
the larger nerve stems than in the smaller ones. The number 
of granules which took up neutral red varied greatly in dif- 
ferent fibers and in different nerve endings. In the 24-hour 
cultures they varied as much and did not seem to be any less 
numerous than in the 3-day cultures. Some of the nerve end- 
ings in 3-day cultures were devoid of any of the granules or 
vacuoles which take up the neutral red, or contained, at most. 
only one or two (Fig. 5). Sometimes, even in the 24-hour 
cultures, there were more neutral red granules than mito- 
chondria. Many of the fibers and endings, as in the cultures 
from the 7-day embryos, contained large unstained vacuoles 
(Fig. 5). These seem to be more common in cultures from 
older embryos than in those from younger ones and were 
found in the 24-hour growths as well as in the older ones. 

In addition to the distribution of mitochondria and granules 
in the fibers and nerve endings, there was usually to be found 
a marked accumulation of granules and vacuoles in the larger 
nodes of the nerves, as shown in Figs. 6 and 7. These nodes 
consist of a mass of granules and small vacuoles which take 
up the neutral red. This mass is on the peripheral side of a, 
clear area; on the proximal side of this area there may be a 
few granules. The large mass of neutral red granules and 
vacuoles has sometimes a more or less clear area at its center. 
The nodes have the appearance of a degenerating cell with a 
mass of granules and vacuoles about a centrosphere which lies 
at one side or at one end of a clear area—the nucleus. 

In cultures from 9-day chick embryos there was as much 
variation in the number and arrangement of the mitochondria 
and granules as in those from younger embryos. One cannot 
distinguish the living nerve-fibers in the cultures of 9-day 
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embryos from those cultivated from a 7-, 8-, or even a 5- or | The granules did not seem to have any definite orientation 

| nor were they increased in number in the older cultures. 

| Their significance is unknown, but it is not unlikely that they 

THE MITOCHONORTA | are degeneration granules, such as those described by Lewis 

In none of the fibers and nerve endings examined was there (1919) in fibroblasts. Vacuoles which take up neutral red 
_were rarely observed except in the larger nodes. 


6-day embryo. 


ny suggestion of a regular distribution of the mitochondria, | 
ach as one would expect to find if they are to give or are 
| DESCRIPTION OF PLATE? 
Fic. 1.—Sympathetic nerve and branched ending with mito- 
| chondia. 48-hour culture from intestine of 7-day chick embryo. 
| Fic. 2.—Sympathetic nerve and ending with mitochondria and 


iving rise to neurofibrils. Moreover, no neurofibrils were seen 
a the living fibers. 
Neurofibrils were described by Lewis and Lewis (1912) in 


xed cultures of the same ages and length of growth as the | a few granules and vacuoles which take up neutral red. 48-hour 
nes examined in this study. The fact that neurofibrils were | culture from intestine of 7-day chick embryo. 


Fic. 3.—Large sympathetic nerve with many mitochondria and 
: les. 48-hour culture from intestine of 7-day chick embryo. 
here: » fac be see granu 
; on the other hand, the fact that they can be seen in | nares te & 
milar fibers, when fixed and stained, is no proof that they | chondria and granules. 
xist in the living, for they may very well be coagulation | Fic. 5.—Nerve ending with mitochondria and large vacuoles 
| which do not take up neutral red. 3-day culture from intestine 
| 
| 
| 


ot seen in the living fibers is no proof that they were not 


roducts. 
Although the distribution of mitochondria varied both in 
umber and position there was more or less regularity in their 


of 8-day chick embryo. 

Fic. 6.—Node on sympathetic nerve with a large mass of 
granules and vacuoles, which take up neutral red, a few fat 
globules and a clear area. 5-day culture from intestine of an 
8-day chick embryo. 

Fic. 7.—Somewhat similar node. 3-day culture from intestine 
of 8-day chick embryo. 


rientation, especially in the fibers where the rods and short 
reads usually had their long axes parallel with the long axis 

the fiber. One might argue that this peculiar orientation 
as caused by the presence of invisible neurofibrils. On the | 
ther hand, it might equally well be due to some sort of a | 


The figures are all free-hand drawings from living cultures to 
which neutral red and janus black No. 2 were added after the 
culture had grown out. The blue-black mitochondria of the living 
ge aa j are represented in black and the granules and vacuoles, which take 
o method of determining whether this is passive, due to up the neutral red, in grey. 
ytoplasmic changes, or active, on the part of the mitochondria. Pf Pree eee 
‘he movements are slower and differ in character from those 


f the granules which take up the neutral red. The mito- | BIOGRAPHY OF SIR WILLIAM OSLER 


wlecular or metabolic arrangement of the cytoplasm. The 
iitochondria show a moderate degree of movement. We have 


hondria seem to be more numerous in the larger nerve-fibers | Lady Osler has requested me to prepare a biography of her 
the explant. husband, and I will be most grateful to anyone who chances to 
see this note, for any letters or personal reminiscences, or for 
a renee information concerning others who may possibly supply letters. 
The granules which take up the neutral red varied greatly Copies of all letters, no matter how brief, are requested, and 
i size and number, being irregularly distributed along fibers if dates are omitted it is hoped that they may be supplied if 
id in the nerve endings. The larger nodes, however, es- possible. 
cially in the distal half, were crowded full of them. The If the originals are forwarded for copy they will be promptly 
_anules usually exhibited considerable movement, especially returned. 
ina longitudinal direction along the fiber and at the periphery. Harvey Cusurna, M. D., 
They moved more rapidly than the mitochondria and over Peter Bent Brigham Hospital, 
longer distances, sometimes in a jerky manner. Boston, Mass. 
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